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(54) FUNCTIONAL PART, PHOTOVOLTAIC MODULE AND METHOD FOR MANUFACTURING 
PHOTOVOLTAIC MODULE

(57) The present disclosure provides a functional
part (1), a photovoltaic module and a manufacturing
method of photovoltaic modules. The functional part is
configured to form a photovoltaic module with a cell string
that includes a plurality of cells. Adjacent cells of share
an overlapped region. The functional part (1) has a first

surface (2) facing to the cell string and a second surface
(3) opposite to the first surface. Herein, the functional
part (1) includes at least one groove (4) extending from
the first surface (2) to the second surface (3). A location
of each groove (4) faces to a location of at least one
overlapped region.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to solar cell tech-
nology, in particular, to a functional part, a photovoltaic
module and a method for manufacturing a photovoltaic
module.

BACKGROUND

[0002] As problems of energy shortage, rising of global
temperature and environmental deterioration are getting
serious, solar energy gains increasing attention as a
green and renewable energy source. A photovoltaic mod-
ule is a device that converts renewable solar energy into
electrical energy.
[0003] Module efficiency is an important index to indi-
cate performance of a photovoltaic module. The index
directly reflects efficiency of the photovoltaic module’s
use of light energy. Specifically, high module efficiency
facilitates reducing not only cost of manufacturing a pho-
tovoltaic module, but also area of land taken during op-
eration of a power station. In addition, in a case that mod-
ule powers of photovoltaic modules are identical, a pho-
tovoltaic module with higher efficiency has a smaller size
and correspondingly, a lower weight.
[0004] However, while improving a module efficiency
of a photovoltaic module, there is a problem of a lower
yield of the photovoltaic module.

SUMMARY

[0005] An objective of the present disclosure is to pro-
vide a functional part, a photovoltaic module and a meth-
od for manufacturing a photovoltaic module to solve the
problem of a low yield of a photovoltaic module.
[0006] Some embodiments of the present disclosure
provide a functional part configured to form a photovoltaic
module with a cell string. The cell string includes a plu-
rality of cells, where adjacent cells shares an overlapped
region. The functional part has a first surface facing to
the cell string and a second surface opposite to the first
surface. The functional part includes at least one groove
extending from the first surface to the second surface. A
position of each groove faces to a position of at least one
overlapped region.
[0007] Some embodiments of the present disclosure
further provide a photovoltaic module including the func-
tional part of the above embodiments..
[0008] Some embodiments of the present disclosure
further provide a method for manufacturing a photovoltaic
module, which includes: stacking up in sequence a first
cover plate, a first adhesive film, a cell string, a second
adhesive film and a second cover plate, where at least
one of the first adhesive film and the second adhesive
film is the above functional part, the cell string includes
a plurality of cells, adjacent cells share an overlapped

region, and a position of each groove facing to a position
of at least one overlapped region; laminating, the first
cover plate, the first adhesive film, the cell string, the
second adhesive film and the second cover plate, to form
a laminated photovoltaic module. Compared with exist-
ing technologies, according to the embodiments of the
present disclosure, a functional part has a first surface
and a second surface opposite to each other, the first
surface has a central region and a peripheral region, and
at least one groove extends from the first surface to the
second surface. At least a portion of at least one groove
is located at the peripheral region, and a position of each
groove facing to a position of at least one overlapped
region. In a laminating stage, when the functional part is
used to produce a photovoltaic module, each groove may
buffer a laminating pressure on the overlapped region of
cells, thereby reducing a risk of cracking and fragmenting
of the overlapped region, which is advantageous for im-
proving module efficiency of the photovoltaic module
while improving yield of the photovoltaic module.
[0009] In the method for manufacturing a photovoltaic
module in the embodiments of the present disclosure,
the adhesive film is advantageous for improving yield of
the photovoltaic module and the groove plays a role of
positioning the cell, thereby reducing the difficulty of man-
ufacturing the photovoltaic module.
[0010] In an example, the functional part includes an
adhesive film. The adhesive film is configured to encap-
sulate the cell string in the photovoltaic module.
[0011] In an example, each groove crosses a plurality
of overlapped regions.
[0012] In an example, the adjacent cells have a con-
necting line in the overlapped region, and a length direc-
tion of the at least one groove is identical with the ex-
tending direction of the connecting line.
[0013] In an example, the first surface includes a cen-
tral region and a peripheral region located at an outer
side of the central region, at least a portion of the at least
one groove is located in the peripheral region and a po-
sition of each groove faces to a position of at least one
overlapped region. In addition, the first surface includes
the central region and the peripheral region where the
groove is located. The groove is configured to buffer a
laminating pressure on the overlapped region of cells in
the peripheral region, thereby reducing a risk of cracking
and fragmenting of the overlapped region, which is ad-
vantageous for improving yield of the photovoltaic mod-
ule.
[0014] In an example, the functional part includes a
cover plate. The cover plate is configured to form the
photovoltaic module with the cell string. The first surface
includes a central region and a peripheral region located
at an outer side of the central region. At least a portion
of the at least one groove is located in the peripheral
region and a position of each groove faces a position of
at least one overlapped region.
[0015] In an example, when a portion of the at least
one groove is located in the peripheral region, another
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portion of the at least one groove is further located in the
central region. Each groove facing to a respective over-
lapped region located in the peripheral region has a first
capacity. Each groove facing to a respective overlapped
region located in the central region has a second capac-
ity. The first capacity is larger than the second capacity.
In this way, the overlapped regions in both the central
region and the peripheral region can be prevented from
cracking or fragmenting. Besides, since the groove in the
central region is smaller so that there is sufficient amount
of adhesive film with the groove, a good encapsulation
with the adhesive can be ensured, thereby further im-
proving the yield and service life of the photovoltaic mod-
ule.
[0016] In an example, in a direction parallel to an ar-
rangement direction of the plurality of cells in one cell
string, a cross section area of the at least one groove in
the peripheral region is larger than a cross section area
of the at least one groove in the central region.
[0017] In an example, a depth of the at least one groove
in the peripheral region is larger than a depth of the at
least one groove in the central region; or in a direction
parallel to an arrangement direction of the plurality of
cells in one cell string, a cross section width of the at least
one groove in the peripheral region is larger than a cross
section width of the at least one groove in the central
region.
[0018] In an example, the at least one groove crosses
the peripheral region and the central region, or a portion
of the at least one groove located in the peripheral region
and another portion of the at least one groove located in
the central region are separated.
[0019] In an example, in the direction parallel to the
arrangement direction of the plurality of cells in one cell
string, a cross section shape of the at least one groove
in the peripheral region is different from a cross section
shape of the at least one groove in the central region.
[0020] In an example, the first surface has a rectangle
shape, both the central region and the peripheral region
cross a short side of the first surface, and the peripheral
regions are separately located at two opposite sides of
the central region; or the first surface has a square shape
or a circle shape, and the peripheral region surrounds
the central region.
[0021] In an example, the cover plate is a glass cover
plate, a polymer cover plate or a stainless-steel cover
plate.
[0022] In an example, the depth of the at least one
groove is smaller than or equal to half a thickness of the
functional part.
[0023] In an example, in the direction parallel to the
arrangement direction of the plurality of cells in one cell
string, a cross section shape of the at least one groove
is an arc, an inverted trapezoid, a square or an inverted
triangle.
[0024] In an example, the functional part further in-
cludes a plurality of protruding structures on a surface of
the at least one groove.

[0025] In an example, a photovoltaic module includes
at least one cover plate. The at least one cover plate is
the functional part in any of the above embodiments. The
photovoltaic module further includes: a cell string, includ-
ing a plurality of cells, where adjacent cells share an over-
lapped region, and a position of each groove facing to a
position of at least one overlapped region; and an adhe-
sive film, located between the cover plate and the cell
string, and in the groove.
[0026] In an example, the at least one cover plate is
configured as a back plate, and the photovoltaic module
further includes a transparent front plate located at one
side of the cell string, the side being away from the back
plate. Or the at least one cover plate is configured as a
transparent front plate, and the photovoltaic module fur-
ther includes a back plate located at one side of the cell
string, the side being away from the transparent front
plate.
[0027] In an example, the at least one cover plate in-
cludes a back plate and a transparent front plate. The
back plate and the transparent front plate are separately
located at two opposite sides of the cell string, and each
overlapped region faces to the at least one groove in the
back plate and/or the at least one groove in the transpar-
ent front plate.
[0028] In an example, the at least one groove in the
back plate and the at least one groove in the transparent
front plate face to each other in terms of position; or the
at least one groove in the back plate and the at least one
groove in the transparent front plate are staggered in
terms of position.
[0029] In an example, in the method manufacturing for
the photovoltaic module, the first adhesive film is the func-
tional part in any of the above embodiments. The first
adhesive film includes at least one groove. The second
adhesive film is the functional part in any of the above
embodiments. The second adhesive film includes at least
one groove. And in stacking-up stage, the at least one
groove in the second adhesive film and the at least one
groove in the first adhesive film face to each other in
terms of position; or the at least one groove in the second
adhesive film and the at least one groove in the first ad-
hesive film are staggered in terms of position.
[0030] In an example, the second adhesive film is the
functional part in any of the above embodiments, the sec-
ond adhesive film includes at least one groove. In the
laminating stage, a surface of the second cover plate is
pressed, the surface being away from the second adhe-
sive film.
[0031] In an example, the adhesive film with the groove
is formed through a calender roll having a protruding
structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] One or more embodiments are described as ex-
amples with reference to the corresponding figures in the
accompanying drawings, and the embodiments do not
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constitute a limitation to the embodiments. Elements with
the same reference numerals in the accompanying draw-
ings represent the similar elements. The figures in the
accompanying drawings do not constitute a proportion
limitation unless otherwise stated. The accompanying
embodiments are divided for convenience of description
and shall not constitute any limitation on the specific im-
plementation of the present disclosure. The accompany-
ing embodiments may be combined and referenced mu-
tually on the premise of no contradiction.

FIG. 1 is a schematic diagram showing a structure
of a functional part provided in a first embodiment of
the present disclosure;
FIGs. 2 to 5 are schematic diagrams showing a struc-
ture of an adhesive film provided in a second em-
bodiment of the present disclosure;
FIG. 6 is a schematic diagram showing a top-view
structure of an adhesive film provided in a third em-
bodiment of the present disclosure;
FIG. 7 is a schematic diagram showing a top-view
structure of an of adhesive film provided in a fourth
embodiment of the present disclosure;
FIG. 8 is a schematic diagram showing a structure
of an adhesive film provided in a fifth embodiment
of the present disclosure;
FIGs. 9 to 11 are schematic diagrams showing a
structure of an adhesive film provided in a sixth em-
bodiment of the present disclosure;
FIGs. 12 to 13 are schematic diagrams showing a
structure of an adhesive film provided in a seventh
embodiment of the present disclosure;
FIG. 14 is a schematic diagram showing a structure
of an adhesive film provided in a eighth embodiment
of the present disclosure;
FIG. 15 is a schematic diagram showing a top-view
structure of an adhesive film provided in a ninth em-
bodiment of the present disclosure;
FIG. 16 is a schematic diagram showing a cross-
sectional-view structure of a photovoltaic module
provided in a tenth embodiment of the present dis-
closure;
FIG. 17 is a schematic diagram showing a cross-
sectional-view structure of a photovoltaic module af-
ter a laminating process;
FIG. 18 is a schematic diagram showing a cross-
sectional-view structure of a photovoltaic module
provided in an eleventh embodiment of the present
disclosure;
FIG. 19 is a schematic diagram showing a cross-
sectional-view structure of a photovoltaic module
provided in a twelfth embodiment of the present dis-
closure;
FIG. 20 is a schematic diagram showing a structure
of a cover plate provided in a thirteenth embodiment
of the present disclosure;
FIGs. 21 to 27 are schematic diagrams showing a
structure of a cover plate provided in a fourteenth

embodiment of the present disclosure;
FIGs. 28 to 30 are schematic diagrams showing a
structure of a cover plate provided in a fifteenth em-
bodiment of the present disclosure;
FIGs. 31 to 33 are schematic diagrams showing a
structure of a cover plate provided in a sixteenth em-
bodiment of the present disclosure;
FIG. 34 is a schematic diagram showing a top-view
structure of a cover plate provided in a seventeenth
embodiment of the present disclosure;
FIG. 35 is a schematic diagram showing a top-view
structure of a cover plate provided in a eighteenth
embodiment of the present disclosure;
FIG. 36 is a schematic diagram showing a cross-
section-view structure of a photovoltaic module pro-
vided in a nineteenth embodiment of the present dis-
closure;
FIG. 37 is a schematic diagram showing a cross-
section-view structure of a photovoltaic module pro-
vided in a twentieth embodiment of the present dis-
closure;
FIG. 38 is a schematic diagram showing a cross-
section-view structure of a photovoltaic module pro-
vided in a twenty-first embodiment of the present dis-
closure;

DETAILED DESCRIPTION

[0033] In order to improve efficiency of a photovoltaic
module, stitch welding may be applied to remove a gap
between cells. That is, in a cell string of the photovoltaic
module, adjacent cells share an overlapped region, and
the overlapped region has both adjacent cells overlapped
and a welding ribbon for electrically connecting the ad-
jacent cells. During production of photovoltaic modules,
in a laminating stage, an overlapped region has a higher
risk of cracking and fragmenting under a laminating pres-
sure, thereby affecting yield of photovoltaic modules pro-
duced.
[0034] In order to address the above issue, embodi-
ments of the present disclosure provide a functional part.
The functional part is configured to form a photovoltaic
module with a cell string. The functional part includes a
groove to buffer a pressure on the overlapped region
during manufacturing the photovoltaic module, thereby
improving yield of photovoltaic modules.
[0035] In order to clarify the objective, the technical
solutions and the advantages of the embodiments of the
present disclosure, the embodiments of the present dis-
closure will be described in detail with reference to the
drawings. However, those ordinary skilled in the art may
appreciate that in the embodiments of the present dis-
closure, in order for readers to understand the present
disclosure more easily, multiple technical details are pro-
vided. However, without the technical details and varia-
tions and amendments to the embodiments as stated in
the following, the technical solutions that the present dis-
closure claims to protect can still be realized.
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[0036] FIG. 1 is a schematic diagram showing a struc-
ture of a functional part provided in a first embodiment
of the present disclosure.
[0037] With reference to FIG. 1, in this embodiment, a
functional part 1 is configured to form a photovoltaic mod-
ule with a cell string that includes a plurality of cells, the
adjacent cells share an overlapped region, the cover
plate has a first surface 2 facing to the cell string and a
second surface 3 opposite to the first surface 2, grooves
4 extending from the first surface 2 to the second surface
3. A position of each groove 4 faces to a position of at
least one overlapped region.
[0038] The functional part 1 may either be an adhesive
film configured to encapsulate the cell string, or a cover
plate configured to form the photovoltaic module with the
cell string. The grooves 4 enable the laminating pressure
on the overlapped region during the production of the
photovoltaic module to be buffered, thereby reducing a
risk of cracking or fragmenting of the overlapped region
and improving yield of photovoltaic modules.
[0039] In a direction parallel to an arrangement direc-
tion of the plurality of cells in one cell string, a cross sec-
tion shape of the groove 4 may be an arc, an inverted
trapezoid, a square or an inverted triangle.
[0040] A depth of the groove 4 is smaller than or equal
to half a thickness of the functional part 1. In this way,
the strength of the functional part 1 is further improved
when the laminating pressure on the overlapped region
is buffered, so that the functional part 1 is able to protect
the cell string, and the reliability of the photovoltaic mod-
ule is further improved.
[0041] A second embodiment of the present disclosure
also provides a functional part. The functional part may
be an adhesive film. FIGs. 2 to 5 are schematic diagrams
showing a structure of an adhesive film provided in a
second embodiment of the present disclosure. FIG. 2 is
a schematic diagram showing a top-view structure of an
adhesive film. FIG. 3 is a schematic diagram showing a
cross section structure along AA1 in FIG. 2. FIG. 4 is a
schematic diagram showing different cross section struc-
tures of a groove. FIG. 5 is another schematic diagram
showing a top-view structure of an adhesive film.
[0042] Referring to Figs. 2 to 4, the adhesive film 101
is configured to encapsulate the cell string in the photo-
voltaic module. The cell string includes a plurality of cells.
Adjacent cells share an overlapped region. The adhesive
film 101 has a first surface facing to the cell string and a
second surface opposite to the first surface, at least one
groove 102 extending from the first surface to the second
surface. A position of each groove 102 faces to a position
of at least one overlapped region.
[0043] The adhesive film 101 may be an EVA adhesive
film or a POE adhesive film. The adhesive film 101 may
be a coiled material or a sheet material.
[0044] In this embodiment, the first surface is a rectan-
gle. One groove 102 crosses the long side of the first
surface, and a plurality of overlapped regions. The adja-
cent cells in the cell string have a connecting line in the

overlapped region. In an extending direction of the con-
necting line, one groove 102 crosses multiple overlapped
regions. When forming the photovoltaic module, one
groove 102 may face to an overlapped region of at least
two cell strings, which helps to reduce the quantity of the
groove 102, reduce the difficulty of manufacturing the
adhesive film 101 and the cost of production. The direc-
tion of the connecting line is perpendicular to an arrange-
ment direction of the multiple cells in one cell string. The
extending direction of one groove 102 is identical with
the extending direction of the connecting line, which is
shared in the overlapped region by the adjacent cells of
one cell string. The length direction of the groove 102 is
identical with the extending direction of the connecting
line.
[0045] An arrangement direction of grooves 102 is re-
lated to an arrangement location of the cell string. In this
embodiment, one groove 102 extends horizontally, dif-
ferent grooves 102 are arranged separately in a vertical
direction. "Horizontally" refers to a direction of the long
side of the first surface, while "vertical" refers to a direc-
tion of the short side of the first surface. When forming
the photovoltaic module, cells are arranged as follows:
cells in one cell string are arranged vertically, and an
extending direction of the connecting line in an over-
lapped region in one cell string is horizontal. The adhe-
sive film 101 may be applicable to cell strings without
gaps or cell strings with gaps.
[0046] In other embodiments, referring to FIG. 5, in the
extending direction of the connecting line, which is in the
overlapped region of the adjacent cells in one cell string,,
the adhesive film 101 may have two separated grooves,
and a distance between adjacent grooves 102 is the
same as a distance between cell strings, that is, adhesive
film 101 may be applicable to the cell strings with gaps.
Since a plurality of grooves 102 are separated from each
other, different grooves 102 may be provided with differ-
ent sizes. In this way, it is advantageous for matching
cell strings of different sizes and improving structural flex-
ibility of the photovoltaic module. Compared with the so-
lution that adjacent grooves are in connection, in the ex-
tending direction of the connecting line, there is a material
of the adhesive film 101 between the adjacent grooves
102, and the material can improve mechanical strength
of the adhesive film 101 while thickness of the adhesive
film 101 keeps unchanged, thereby ensuring a good en-
capsulation of the adhesive film 101 in the process of
manufacturing the photovoltaic modules.
[0047] A position of the groove 102 faces to a position
of the overlapped region, and a distance between adja-
cent grooves 102 matches the size of cells. The larger
the size of the cells, the larger the distance between the
adjacent grooves 102; the smaller the size of the cells,
the smaller the distance between the adjacent grooves
102. In this embodiment, the adjacent grooves 102 are
arranged with an equal distance. In other embodiments,
distances between adjacent grooves may vary. The size
of the cells may be 150 mm to 250 mm.
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[0048] In this embodiment, in a direction parallel to the
arrangement direction of the plurality of cells in one cell
string, i.e., in a cross section direction perpendicular to
the connecting line, a cross section width of the groove
102 is 5 mm to 20 mm, for example, 6 mm, 10 mm, 12
mm, 15 mm and 18 mm.
[0049] Referring to FIG.3, in this embodiment, in a di-
rection to the arrangement direction of the plurality of
cells in one cell string, i.e., in a cross section direction
perpendicular to the connecting line, a cross section
shape of the groove 102 may be an arc. In other embod-
iments, in the direction parallel to the arrangement direc-
tion of the plurality of cells in one cell string, the cross
section shape of the groove may be an inverted trape-
zoid, a square or an inverted triangle.
[0050] In the direction parallel to the arrangement di-
rection of the adjacent cells in one cell string, a width of
the groove 102 is larger than or equal to a width of the
overlapped region, which is advantageous for ensuring
that pressures on regions of the overlapped region are
comparatively small, thereby further reducing the risk of
cracking and fragmenting of the overlapped region. An
orthographic projection of the overlapped region on the
first surface is a first projection, an orthographic projec-
tion of the groove 102 on the first surface is a second
projection, and in the direction parallel to the arrange-
ment direction of the plurality of cells in one cell string, a
boundary of the first projection and a boundary of the
second projection are overlapped, or the boundary of the
first projection is located within the boundary of the sec-
ond projection.
[0051] A depth of the groove 102 is smaller than or
equal to half a thickness of the adhesive film 101. In this
way, the depth of the groove 102 takes an appropriate
rate of a thickness of the adhesive film 101, so that the
adhesive film 101 of the region where the groove 102 is
located still has a moderate thickness, thereby ensuring
a good encapsulation effect of the region where the
groove 102 is located. The depth of the groove 102 may
further be larger than 1/6 the thickness of the adhesive
film 101. For example, the depth of the groove 102 is 1/3,
1/4 or 1/5 the thickness of the adhesive film 101. In this
way, the groove 102 has sufficient capacity, which is ad-
vantageous for improving the groove 102’s ability of re-
lieving or removing pressure.
[0052] Referring to FIG. 4, the adhesive film 101 may
further include a plurality of protruding structures 112 on
a surface of the groove 102. A shape of the protruding
structures 112 may be triangular prisms or hemispheres.
The protruding structures are advantageous for further
buffering a pressure on the overlapped region in the lam-
inating stage, and are advantageous for increasing a con-
tact area between the adhesive film 101 and the cover
plate, thereby strengthening sealing strength between
the cover plate and the adhesive film 101.
[0053] In addition, the adhesive film 101 may further
include: a burring structure 113 located between the ad-
jacent grooves. A shape of the burring structure 113 may

be a triangular prism or a hemisphere. A size of the burr-
ing structure 113 is smaller than a size of a protruding
structure 112. The arrangement of the burring structure
113 is advantageous not only for increasing friction be-
tween the adhesive film 101 and the cover plate during
the stacking-up stage, but also for buffering laminating
pressure on the adhesive film 101, thereby further im-
proving yield of photovoltaic modules .
[0054] The adhesive film 101 provided in this embod-
iment may be manufactured through a calender roll hav-
ing a periodically protruding structure. When the adhe-
sive film passes the calender roll having a periodically
protruding structure, the adhesive film 101 in the contact
portion with the protruding structure is pressed out to
form the periodic grooves 102.
[0055] During production of the photovoltaic module,
the groove 102 faces to the overlapped region of the cell
string. Since the arrangement of the groove 102, there
is a gap between the adhesive film 101 and the overlap-
ping region before the lamination stage. During a lami-
nating process, a pressure on the adhesive film 101 is
reduced or removed after passing through the groove
102, thereby greatly reducing a risk of cracking or frag-
menting of the overlapped region.
[0056] A third embodiment of the present disclosure
further provides an adhesive film that is largely identical
with the previous embodiment. Main differences include
that one groove in the third embodiment extends verti-
cally and different grooves are arranged separately in a
horizontal direction. FIG. 6 is a schematic diagram show-
ing a top-view structure of the adhesive film provided in
the third embodiment of the present disclosure. The ad-
hesive film provided in the third embodiment of the
present disclosure is described in detail in the following
with reference to the drawings.
[0057] Referring to FIG. 6, an adhesive film 201 in-
cludes a first surface facing the cell string, a second sur-
face opposite to the first surface, at least one groove 202
extending from the first surface to the second surface. A
position of each groove 202 faces a position of at least
one overlapped region. Herein, the first surface includes
a long side and a short side perpendicular to each other.
The long side extends horizontally and the short side
extends vertically. One groove 202 extends vertically.
Different grooves 202 are arranged separately in a hor-
izontal direction.
[0058] When forming the photovoltaic module, cells
are arranged as follows: cells in one cell string are ar-
ranged horizontally, and an extending direction of the
connecting line in an overlapped region in one cell string
is vertical. In one embodiment, referring to the upper fig-
ure in FIG. 6, one groove 202 crosses the adhesive film
201 vertically in the entire width range. The adhesive film
201 may be applicable to cell strings without gaps or cell
strings with gaps. In another embodiment, referring to
the lower figure in FIG. 6, a plurality of separate grooves
202 are provided vertically. A distance between adjacent
grooves 202 is the same as a distance between cell
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strings. The adhesive film 201 may be applicable to cell
strings with gaps.
[0059] The adjacent grooves 201 may be arranged
with an equal distance in the horizontal direction. Or, dis-
tances between adjacent grooves 201 may vary.
[0060] A fourth embodiment of the present disclosure
also provides an adhesive film. A main difference lies
that the grooves includes a plurality of grooves extending
horizontally and a plurality of grooves extending vertical-
ly. FIG. 7 is a schematic top-view structure of the adhe-
sive film provided in the fourth embodiment. The adhe-
sive film provided in the fourth embodiment of the present
disclosure is described in detail in the following with ref-
erence to the drawings. Contents identical with or corre-
sponding to the previous embodiments may be seen in
the above.
[0061] With reference to FIG. 7, an adhesive film 301
includes a first surface, a second surface and grooves
302 extending from the first surface to the second sur-
face. The grooves 302 includes a plurality of grooves 302
extending along a long side of the first surface and a
plurality of grooves 302 extending along a short side of
the first surface.
[0062] The grooves 302 include a plurality of grooves
302 extending horizontally (along a long side of the first
surface) and a plurality of grooves 302 extending verti-
cally (along a short side of the first surface). Cell strings
include a first cell string where cells are arranged verti-
cally and a second cell string where cells are arranged
horizontally.
[0063] The adhesive film 301 provided in this embod-
iment may form a photovoltaic module with a cell string
where cells are arranged horizontally and a cell string
where cells are arranged vertically.
[0064] A fifth embodiment of the present disclosure
provides an adhesive film including a central region and
a peripheral region located at an outer side of the central
region. Main differences from the previous embodiments
include that grooves are located in the peripheral region
and a positon of each groove faces to a position of at
least one overlapped region. The adhesive film provided
in the fifth embodiment of the present disclosure is de-
scribed in detail in the following with reference to the
drawings.
[0065] FIG. 8 is a schematic diagram showing a struc-
ture of an adhesive film provided in a fifth embodiment
of the present disclosure. In FIG. 8, an upper figure is a
top-view structure diagram, a lower figure is a cross-sec-
tion-view structure diagram along an aa1 cutting line.
[0066] With reference to FIG. 8, an adhesive film 401
is configured to encapsulate the cell string in the photo-
voltaic module. The cell string includes a plurality of cells.
Adjacent cells share an overlapped region. The adhesive
film 401 has a first surface Front facing the cell string and
a second surface Back opposite to the first surface, at
least one groove 402 extending from the first surface to
the second surface. A position of each groove 402 faces
to a position of at least one overlapped region.

[0067] Inventors of the present disclosure find that a
photovoltaic module has a central region I and a periph-
eral region II located at an outer side of the central region,
and the risk of cracking and fragmenting in the over-
lapped region is higher at the peripheral region than at
the central region.
[0068] A further analysis shows that reasons for this
problem include: steps of manufacturing a photovoltaic
module include a stacking-up stage and a laminating
stage. In the stacking-up stage, a back plate, a lower
adhesive film, a cell string, an upper adhesive film and a
front plate in order form an overlapped structure. In the
laminating stage, an air extraction process is performed
first to remove air between layers of the overlapped struc-
ture, and a pressure treatment is performed after the air
extraction process. During or after the air extraction proc-
ess, the peripheral region warps upwards, and the up-
ward warping of the peripheral region is increased by a
heating process to some extent when the heating proc-
ess is performed during or after the air extraction process.
In order to remove upward warping, during the laminating
stage, a pressure applied to the peripheral region may
be higher than a pressure applied to the central region,
which, however, may cause a higher risk of cracking and
fragmenting to the overlapped region in the peripheral
region. Alternatively, in order to remove the upward warp-
ing of the peripheral region, even if the pressure applied
to the peripheral region during the laminating stage is
identical with the pressure applied to the central region,
there is a higher risk of cracking or fragmenting of the
overlapped region in the peripheral region than in the
central region, due to a deformation of the front plate and
back plate in the peripheral region being greater than a
deformation of the front plate and back plate in the central
region in the laminating stage.
[0069] The peripheral region II may be located at two
opposite sides of the central region I. Alternatively, the
peripheral region II may surround the central region I.
[0070] A width of the peripheral region II may be a width
across at least one cell string. In this way, when forming
the photovoltaic module, the peripheral region II faces to
at least one cell string. Alternatively, the width of the pe-
ripheral region II may be 1/N a width of a single cell string,
N being larger than 1. In this way, when forming the pho-
tovoltaic module, the peripheral region II faces to1/N the
cell string. Alternatively, the width of the peripheral region
II may be a width of n cell strings and 1/N the width of
the single cell string, n being a natural number larger than
or equal to 1. In this way, when forming the photovoltaic
module, the peripheral region II faces to n+1/N the cell
string. Herein, the width described above refers to a width
in a direction perpendicular to an arrangement direction
of a plurality of cells in one cell string.
[0071] The width of the peripheral region II may be re-
lated to a size of the Front. The width of the peripheral
region II may be reasonably set in accordance with the
size of the Front. The larger the size of the Front, the
more area of the peripheral region II having the problem
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of upward warping, and the larger width the peripheral
region II. The smaller the size of the Front, the smaller
area having the problem of upward warping, and corre-
spondingly, the smaller width the peripheral region II.
[0072] It shall be noted that a location relationship be-
tween the peripheral region II and the central region I is
related to a shape of the Front. For example, in this em-
bodiment, the shape of the Front is a rectangle, both the
central region I and the peripheral regions II may across
a short side of the Front and may be arranged along a
long side of the Front, and the peripheral regions II is
separately located at the two opposite sides of the central
region I. In other embodiments, the shape of the first sur-
face is a rectangle or a circle, and the peripheral region
surrounds the central region.
[0073] In this embodiment, in the direction of the long
side of the first surface Front, the width of the peripheral
region II is 10 mm to 20 mm, for example, 12 mm, 15 mm
or 17 mm.
[0074] In other embodiments, the shape of the first sur-
face may further be a triangle, a trapezoid, a regular pol-
ygon or an irregular shape. A region where upward warp-
ing easily occurs may be reasonably predicted in accord-
ance with the shape of the first surface, and correspond-
ingly, the region where upward warping easily occurs is
the peripheral region. For example, if the shape of the
first surface is a triangle, the peripheral region is located
in a region where three angles of the first surface are
located, and the first surface has one central region and
three peripheral regions.
[0075] Since the peripheral region II has grooves 402,
during a laminating process of using the adhesive film
401 to produce the photovoltaic module, a gap between
the adhesive film 401 and the overlapped region causes
a pressure on the overlapped region facing to the adhe-
sive film 401 to be reduced or removed, thereby greatly
reducing a risk of cracking or fragmenting of the over-
lapped region in the peripheral region II, and improving
yield of photovoltaic modules. In addition, in a laminating
stage, an adhesive film at the grooves 402 is melt under
heat and fills the groove 402, so a flow region of the ad-
hesive film is increased, thereby reducing pressure ap-
plied to the overlapped region by the adhesive film, which
may also promote yield of the photovoltaic modules to
some extent.
[0076] An extending direction of one groove 402 is the
same as an extending direction of a connecting line of
the adjacent cells in one cell string in the overlapped re-
gion. In other words, the extending direction of one
groove 402 is perpendicular to the arrangement direction
of the plurality of cells in one cell string. That is to say,
an arrangement direction of grooves is related to an ar-
rangement location of the cell string. In this embodiment,
one groove 402 extends horizontally, different grooves
402 are arranged separately in a vertical direction. "Hor-
izontally" refers to a direction of the long side of the first
surface, while "vertical" refers to a direction of the short
side of the first surface. When forming the photovoltaic

module, cells are arranged in the peripheral region II as
follows: cells in one cell string are arranged vertically,
and an extending direction of the connecting line in an
overlapped region in one cell string is horizontal. In other
embodiments, one groove may further extend vertically,
and different grooves are separately arranged in a hori-
zontal direction. When the photovoltaic module is formed,
an arrangement of cells in the peripheral region is: cells
in one cell string are arranged horizontally and the ex-
tending direction of the connecting line in the overlapped
region in one cell string is vertical. In yet another example,
the grooves includes a first groove extending horizontally
and a second groove extending vertically. A cell string
includes a first cell string where cells are arranged verti-
cally and a second cell string where cells are arranged
horizontally.
[0077] Further, in this embodiment, in the extending
direction of the connecting line, which is in the overlapped
region of the adjacent cells in one cell string, i.e., in a
direction perpendicular to the arrangement direction of
the plurality of cells in one cell string, in the peripheral
region II each groove 402 may either face to one over-
lapped region of one cell string or face to an overlapped
region of at least two cell strings. That is, the adhesive
film 401 may be applicable to cell strings without gaps or
cell strings with gaps. In other embodiments, in the ex-
tending direction of the connecting line of the adjacent
cells in one cell string in the overlapped region, one pe-
ripheral region may further have at least two grooves,
and a distance between adjacent grooves is the same
as a distance between cell strings, that is, the adhesive
film may be applicable to the cell strings with gaps.
[0078] A position of the groove 402 faces to a position
of the overlapped region, and a distance between adja-
cent grooves 402 matches the size of cells. The larger
the size of the cells, the larger the distance between the
adjacent grooves 402; the smaller the size of the cells,
the smaller the distance between the adjacent grooves
402. In this embodiment, the adjacent grooves 402 are
arranged with an equal distance. In other embodiments,
distances between adjacent grooves may vary.
[0079] In this embodiment, in the direction parallel to
the arrangement direction of the plurality of cells in one
cell string, a cross section shape of the groove 402 is an
arc. In other embodiments, in the direction parallel to the
arrangement direction of the plurality of cells in one cell
string, the cross section shape of the groove may be an
inverted trapezoid, a square or an inverted triangle.
[0080] In this embodiment, in a direction parallel to the
arrangement direction of the plurality of cells in one cell
string, i.e., in a cross section direction perpendicular to
the connecting line, a cross section width of the groove
402 is 5 mm to 20 mm, for example, 6 mm, 10 mm, 12
mm, 15 mm and 18 mm.
[0081] The adhesive film 401 may further include a plu-
rality of protruding structures (not shown in the drawings)
on a surface of the groove 402. A shape of the protruding
structures may be triangular prisms or hemispheres. The
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protruding structures are advantageous for further buff-
ering a pressure on the overlapped region in the laminat-
ing stage, and are advantageous for increasing a contact
area between the adhesive film 401 and the cover plate,
thereby strengthening sealing strength between the cov-
er plate and the adhesive film 401.
[0082] The adhesive film 401 may further include a
burring structure located on the first surface. A shape of
the burring structure may be a triangular prism or a hem-
isphere. A size of the burring structure is smaller than a
size of a protruding structure, which is advantageous not
only for increasing friction between the cover plate and
the adhesive film 401 during the overlapping stage, but
also for relieving pressure on a non-overlapped region
during lamination, thereby reducing the risk of cracking
in the non-overlapped region.
[0083] In this embodiment, the peripheral region II of
the adhesive film 401 is provided with the grooves 402,
and a size and a number of the grooves 402 are related
to a type of the cell string provided in the peripheral region
II, the size of the cells and a size of the overlapped region.
By adjusting the size and location of the grooves 402,
the peripheral region II may accommodate both a cell
string of a whole-piece type and a cell string of a half-
piece type. In a production stage, the adhesive film 401
having the grooves 402 may be manufactured through a
calender roll having a protruding structure.
[0084] During production of the photovoltaic module,
the groove 402 corresponds to the overlapped region of
the cell string. There is a gap between the adhesive film
401 and the cell string. During the laminating stage, the
adhesive film 401 is melt under heat and fills the groove
402. In the laminating stage, the pressure on the region
corresponding to the groove 402 of the adhesive film 401
is removed after passing the groove 402, thus the pres-
sure on the overlapped region corresponding to the
groove 402 is reduced, thereby greatly reducing the risk
of cracking and fragmenting of the overlapped region.
That is to say, in the laminating stage, the possibility that
cracking or fragmenting of the overlapped region occurs
in the peripheral region II is greatly reduced because the
pressure on the overlapped region in the peripheral re-
gion II is small.
[0085] Therefore, using the adhesive film provided in
this embodiment to produce photovoltaic modules is ad-
vantageous for improving yield of photovoltaic modules
while improving module efficiency of the photovoltaic
modules.
[0086] A sixth embodiment of the present disclosure
further provides an adhesive film that is largely identical
with the previous embodiment. Main differences include
that the groove in the sixth embodiment is further located
in the central region. The adhesive film provided in the
sixth embodiment of the present disclosure is described
in detail in the following with reference to the drawings.
Contents identical with the previous embodiment may be
seen in the above and is not repeated in the following.
FIGs. 9 to 11 are schematic diagrams showing a structure

of the adhesive film provided in the sixth embodiment of
the present disclosure.
[0087] With reference to FIG. 9, in this embodiment,
an adhesive film 501 is configured to form a photovoltaic
module with a cell string that includes a plurality of cells.
Adjacent cells of the cells share an overlapped region,
the adhesive film 501 has a first surface (not shown) fac-
ing the cell string and a second surface (not shown) op-
posite to the first surface, and the first surface includes
a central region I and a peripheral region II located at an
outer side of the central region I. The adhesive film 501
includes at least one groove 502 extending from the first
surface to the second surface The at least one groove
502 is located in the central region I and the peripheral
region II and a position of the groove 502 faces a position
of at least one overlapped region. Herein, the groove 502
facing to each overlapped region in the peripheral region
II has a first capacity, the groove 502 facing to each over-
lapped region located in the central region I has a second
capacity, and the first capacity is larger than the second
capacity.
[0088] In this embodiment, that the first surface is a
rectangle is taken as an example, and the peripheral re-
gions II are separately located at two opposite sides of
the central region I. In other embodiments, a shape of
the first surface may further be a square or a circle, and
the peripheral region surrounds the central region. For a
detailed description on the first surface, the central region
and the peripheral region, detailed description in the pre-
vious embodiment may be referred to.
[0089] The adjacent cells have a connecting line in the
overlapped region. The capacity refers to a capacity of
the groove 502 within a length of the connecting line. The
larger the capacity of the groove 502, the more adhesive
film flowing into the groove 502 in a laminating stage,
and the higher the groove 502’s ability of removing pres-
sure, and the more advantageous for reducing pressure
on the overlapped region facing to the groove 502. In
other words, that the first capacity is larger than the sec-
ond capacity practically is that: a cross section area of
the groove 502 in the peripheral region II is larger than
a cross section area of the groove 502 in the central re-
gion I in a direction parallel to an arrangement direction
of the plurality of cells in one cell string, i.e., on a cross
section perpendicular to the connecting line.
[0090] It is known from the above that in the laminating
stage, the overlapped region in the peripheral region II
is more prone to a risk of cracking than the overlapped
region in the peripheral region I. In this embodiment, the
grooves 502 are both located in the peripheral region II
and the central region I, and the portion of groove 502 in
the peripheral region II is more capable than the portion
of groove 502 in the central region I in removing pressure.
The portion of groove 502 in the peripheral region II can
avoid cracking of the overlapped region in the central
region I while avoiding cracking of the overlapped region
in the peripheral region II, which is advantageous for fur-
ther improving yield of photovoltaic modules by using the
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adhesive film 501.
[0091] In this embodiment, a depth h of the groove 502
in the peripheral region II is identical with a depth h of
the groove 502 in the central region I.
[0092] The figures above the dotted lines in FIG. 10
are schematic diagrams showing a cross section struc-
ture along AA1 and BB1 in FIG. 9. As shown in FIG. 10,
in one example, the adjacent cells have a connecting line
in the overlapped region. In a cross section direction per-
pendicular to the connecting line, i.e., in a direction par-
allel to the arrangement direction of the plurality of cells
in one cell string, a cross section shape of the groove
502 in the peripheral region II may be identical with a
cross section shape of the groove 502 in the central re-
gion I. In the cross section direction (AA1) perpendicular
to the connecting line, a cross section width of the groove
502 in the peripheral region II is larger than a cross sec-
tion width of the groove 502 in the central region I.
[0093] The cross section width of the groove 502 in the
central region I is a first width w1, the cross section width
of the groove 502 in the peripheral region II is a second
width w2, and a difference between the second width w2
and the first width w1 is larger than or equal to 2 mm and
smaller than or equal to 5 mm, for example, w2-w1 is
equal to 2.5 mm, 3 mm, 4.5 mm or 4 mm. In this way, a
difference value between a width of the groove 502 in
the peripheral region II and a width of the groove 502 in
the central region I is medium, which enables a result of
reliving pressure by the groove 502 in the peripheral re-
gion II to be better than a result of reliving pressure by
the groove 502 in the central region I. Since w2-w1 is
less than or equal to 5mm, the difference value ensures
that the error caused by the shrinkage of the adhesive
film 501 is taken into account. Even if the adhesive film
501 shrinks, the width of the groove 502 in the peripheral
area II is still larger than the width of the groove 502 in
the central area I.
[0094] In the direction parallel to the arrangement di-
rection of the plurality of cells in one cell string, the first
width w1 is 3 mm to 15 mm, for example, 4 mm, 6 mm,
10 mm or 12 mm, and the second width w2 is 5 mm to
20 mm, for example, 6 mm, 10 mm, 15 mm or 18 mm.
[0095] The figures below the dotted lines in FIG. 10
are schematic diagrams showing another cross section
structure along AA1 and BB1 in FIG. 9. As shown in FIG.
10, in another example, in a cross section direction per-
pendicular to the connecting line, i.e., in a direction par-
allel to the arrangement direction of the plurality of cells
in one cell string, the cross section shape of the groove
502 in the peripheral region II may be different from the
cross section shape of the groove 502 in the central re-
gion I, while a depth h of the groove 502 in the peripheral
region II is identical with a depth h of the groove 502 in
the central region I, and in the direction parallel to the
arrangement direction of the plurality of cells in one cell
string, the cross section width of the groove 502 in the
peripheral region II may be larger than the cross section
width of the groove 502 in the central region I. The cross

section shape of the groove 502 in the central region I
may be an inverted triangle, and the cross section shape
of the groove 502 in the peripheral region II may be an arc.
[0096] In a direction parallel to an arrangement direc-
tion of a plurality of cells in one cell string, a cross section
shape of a groove 502 in a peripheral region II may be
different from a cross section shape of a groove 502 in
a central region I. In this way, even if cross section depths
and/or widths of the groove 502 in the central region and
in the peripheral region are identical, it may be ensured
that a cross section area of the groove 502 in the periph-
eral region II is larger than a cross section area of the
groove 502 in the central region I in the direction parallel
to the arrangement direction of the plurality of cells in one
cell string by setting different shapes for the groove 502
in the central region I and in the peripheral region II.
[0097] However the shape, width or depth of the
groove 502 in the peripheral region II and central region
I is set, it meets what is required as long as the capacity
of the groove 502 in the peripheral region II is larger than
the capacity of the groove 502 in the central region I, or
as long as the cross section area of the groove 502 in
the peripheral region II is larger than the cross section
area of the groove 502 in the central region I. For exam-
ple, in the direction parallel to the arrangement direction
of the plurality of cells in one cell string, the cross section
width of the groove 502 in the peripheral region II is iden-
tical with the cross section width of the groove 502 in the
central region I, and their depth are identical. In the di-
rection parallel to the arrangement direction of the plu-
rality of cells in one cell string, the cross section shape
of the groove 502 in the peripheral region II is different
from the cross section shape of the groove 502 in the
central region I. Alternatively, in the direction parallel to
the arrangement direction of the plurality of cells in one
cell string, the cross section width of the groove 502 in
the peripheral region II is larger than the cross section
width of the groove 502 in the central region I, and the
depth of the groove 502 in the peripheral region II is larger
than the depth of the groove 502 in the central region I.
[0098] In one example, as shown in FIG. 9, one groove
502 crosses both the peripheral region II and the central
region I. In another example, as shown in FIG. 11, the
groove 502 in the peripheral region II is separated from
the groove 502 in the central region I.
[0099] Besides, as shown in FIG. 9 or FIG. 11, in a
direction of a long side of the first surface, one groove
502 in one peripheral region II may cross the peripheral
region II. In other embodiments, in the direction along
the long side of the first surface, one peripheral region II
may further be provided with at least two mutually sep-
arated grooves, and the central region I is provided with
a plurality of mutually separated grooves. In the direction
along the long side of the first surface, a distance between
adjacent grooves matches a distance between cell
strings constituting the photovoltaic module.
[0100] In a production stage, the adhesive film 501
having the groove 502 may be manufactured through a
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calender roll having a periodically protruding structure.
[0101] In the adhesive film 501 provided in this embod-
iment, the groove 502 is located not only in the peripheral
region II but also in the central region I, and the capacity
of the groove 502 in the peripheral region II is larger than
the capacity of the groove 502 in the central region I. In
this way, not only a pressure on the overlapped region
in the central region I and a pressure on the overlapped
region in the peripheral region II can be reduced, but it
may be ensured that the adhesive film 501 has a good
encapsulation effect, thereby further improving yield of
the photovoltaic modules and increasing the service life
of the photovoltaic modules.
[0102] If a size of the groove in the central region is
identical with that in the peripheral region, a total capacity
of the groove in the adhesive film is large, which makes
the volume of the adhesive film is too small when the film
thickness is unchanged. When the adhesive film is used
for encapsulation, poor encapsulation may occur, which
affects the yield and service life of photovoltaic modules.
[0103] A seventh embodiment of the present disclo-
sure further provides an adhesive film. The adhesive film
provided in this embodiment is generally identical with
that provided in the previous embodiment, and a differ-
ence lies in that the depth of the groove in the peripheral
region II is larger than the depth of the groove in the
central region I. The adhesive film provided in this em-
bodiment is described in detail in the following with ref-
erence to the drawings. Contents identical with the pre-
vious embodiment may be seen in the above and is not
repeated in the following.
[0104] FIGs. 12 to 13 are schematic diagrams showing
a structure of the adhesive film provided in the seventh
embodiment of the present disclosure.
[0105] Referring to FIG. 12, FIG. 12 is a schematic top-
view structure of the adhesive film. An adhesive film 601
includes a first surface and a second surface and includes
a central region I and peripheral regions II, a groove 602
extending from the first surface to the second surface.
Each groove 602 is located in the central region I and
the peripheral region II, and a position of the groove 602
faces a position of at least one overlapped region. Herein,
the groove 602 facing to each overlapped region located
in the peripheral region II has a first capacity, the groove
602 facing to each overlapped region located in the cen-
tral region I has a second capacity, and the first capacity
is larger than the second capacity.
[0106] The adhesive film is used to form a photovoltaic
module with the cell string, the adjacent cells in the cell
string have a connecting line in the overlapped region,
and an extending direction of the connecting line is per-
pendicular to a direction of AA1. In a direction perpen-
dicular to the connecting line, that is, in a direction parallel
to the arrangement direction of the multiple cells in one
cell string, a cross section area of the groove 602 in the
peripheral region II is larger than the cross section area
of the groove 602 in the central region I.
[0107] In this embodiment, in the direction parallel to

the arrangement direction of the plurality of cells in one
cell string, a cross section width w of the groove 602 in
the peripheral region II is identical with a cross section
width w of the groove 602 in the central region I.
[0108] In one example, as shown in FIG. 13, the figures
above the dotted lines in FIG. 13 are schematic diagrams
showing a cross section structure along AA1 and BB1 in
FIG. 12, a depth of the groove 602 in the peripheral region
II is larger than a depth of the groove 602 in the central
region I. The depth of the groove 602 in the central region
I is a first depth h1, the depth of the groove 602 in the
peripheral region II is a second depth h2, and the second
depth h2 is larger than the first depth h1. Herein, in the
direction parallel to the arrangement direction of the plu-
rality of cells in one cell string, a cross section shape of
the groove 602 in the central region I is identical with a
cross section shape of the groove 602 in the peripheral
region II. In other embodiments, in a direction parallel to
an arrangement direction of a plurality of cells in one cell
string, a cross section shape of a groove in a central
region may further be different from a cross section shape
of a groove in a peripheral region.
[0109] The figures below the dotted lines in FIG. 13
are schematic diagrams showing another cross section
structure along AA1 and BB1 in FIG. 12. As shown in
FIG. 13, in another example, a depth h of the groove 602
in the peripheral region II is identical with a depth h of
the groove 602 in the central region I, and in the direction
parallel to the arrangement direction of the plurality of
cells in one cell string, the cross section width w of the
groove 602 in the peripheral region II may further be iden-
tical with the cross section width w of the groove 602 in
the central region I. Herein, in the direction parallel to the
arrangement direction of the plurality of cells in one cell
string, the cross section shape of the groove 602 in the
peripheral region II may be different from the cross sec-
tion shape of the groove 602 in the central region I. The
cross section shape of the groove 602 in the central re-
gion I may be an inverted triangle, and the cross section
shape of the groove 602 in the peripheral region II may
be an arc.
[0110] An eighth embodiment of the present disclosure
further provides an adhesive film which is generally iden-
tical with the adhesive film in the previous embodiment.
The adhesive film is mainly different in that the extending
direction of the groove is the extending direction of a short
side of the first surface. The adhesive film provided in
the eighth embodiment is described in detail in the fol-
lowing with reference to the drawings. Contents identical
with the previous embodiment may be seen in the above
and is not repeated in the following. FIG. 14 is a schematic
diagram showing a structure of the adhesive film provid-
ed in the eighth embodiment, including a schematic top-
view structure and a schematic cross-sectional-view
structure along CC1.
[0111] With reference to FIG. 14, in this embodiment,
an adhesive film 701 includes a groove 702 that extends
from a first surface to a second surface, the first surface
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includes a central region I and a peripheral region II, and
each groove 702 is located in the central region I and the
peripheral region II. The groove facing to each over-
lapped region located in the peripheral region has a first
capacity, the groove facing to each overlapped region
located in the central region has a second capacity, and
the first capacity is larger than the second capacity.
[0112] In this embodiment, the first surface is a rectan-
gle, and the extending direction of the same groove 702
is identical with an extending direction of the extending
direction of the short side of the first surface.
[0113] An overlapped region of adjacent cells in one
cell string has a connecting line, and an extending direc-
tion of the connecting line is perpendicular to a direction
of CC1, that is, the extending direction of the connecting
line is identical with the extending direction of the short
side of the first surface, and the adjacent cells are ar-
ranged along a long side of the first surface. The extend-
ing direction of the connecting line is parallel to an ar-
rangement direction of a plurality of cells in one cell string.
[0114] In this embodiment, in a direction parallel to an
arrangement direction of the plurality of cells in one cell
string, a cross section area of the groove 702 in the pe-
ripheral region II is larger than a cross section area of
the groove 702 in the central region I.
[0115] In one example, a depth of the groove 702 in
the central region I is identical with a depth of the groove
702 in the peripheral region II, and in the direction parallel
to the arrangement direction of the plurality of cells in one
cell string, a cross section width of the groove 702 in the
peripheral region II is larger than a cross section width
of the groove 702 in the central region I. The groove 702
in the central region I has a first width W1, the groove
702 in the peripheral region II has a second width W2,
and the second width W2 is larger than the first width
W1. Herein, a cross section shape of the groove 702 in
the central region I may be identical with the cross section
of the groove 702 in the peripheral region II, for example,
both are rectangles; the cross section shape of the
groove 702 in the central region I may also be different
from the cross section of the groove 702 in the peripheral
region II.
[0116] In another example, a depth of the groove 702
in the central region I is smaller than a depth of the groove
702 in the peripheral region II, and in the direction parallel
to the arrangement direction of the plurality of cells in one
cell string, a cross section width of the groove 702 in the
peripheral region II is equal to a cross section width of
the groove 702 in the central region I. Alternatively, the
depth of the groove 702 in the central region I is smaller
than the depth of the groove 702 in the peripheral region
II, and in the direction parallel to the arrangement direc-
tion of the plurality of cells in one cell string, a cross sec-
tion width of the groove 702 in the peripheral region II is
smaller than a cross section width of the groove 702 in
the central region I.
[0117] As shown FIG. 14, one groove 702 in the pe-
ripheral region II crosses the short side of the first surface,

and one groove 702 in the central region I crosses the
short side of the first surface. In other embodiments, a
plurality of separate grooves 702 is provided in an ex-
tending direction of the short side of the first surface. The
number of grooves extending in the direction of short side
of the first surface may be reasonably set in accordance
with a type of the cell string of the photovoltaic module.
[0118] A ninth embodiment of the present disclosure
further provides an adhesive film which is generally iden-
tical with that in the previous embodiment, and a main
difference lies in that the peripheral region are located at
two opposite sides of the central region in the previous
embodiment while the peripheral region surrounds the
central region in the ninth embodiment. FIG. 15 is a sche-
matic top-view structure of the cover plate provided in
the ninth embodiment.
[0119] With reference to FIG. 15, an adhesive film 801
has a first surface and a second surface, and the first
surface has a central region and a peripheral region that
surrounds the central region. Herein, a region within dot-
ted lines a is the central region, and a region outside
dotted lines a is the peripheral region. The adhesive film
801 further includes a groove 802 extending from the first
surface to the second surface, and the groove 802 is
located in the central region and the peripheral region.
Herein, the groove facing to each overlapped region in
the peripheral region has a first capacity, the groove fac-
ing to each overlapped region located in the central re-
gion has a second capacity, and the first capacity is larger
than the second capacity.
[0120] Detailed description on the first capacity and
second capacity may be seen in the previous embodi-
ments and is not repeated herein.
[0121] In this embodiment, there is a connecting line
in an overlapped region of the cell string, and in a cross-
section direction perpendicular to the connecting line,
i.e., in a direction parallel to an arrangement direction of
a plurality of cells in one cell string, a cross section width
of the groove 802 in the peripheral region is larger than
a cross section width of the groove 802 in the central
region. In other embodiments, a cross section width of
the groove in the peripheral region may also be equal to
a cross section width of the groove in the central region.
[0122] For a size relationship between the groove in
the peripheral region and in the central region, the de-
scription in the previous embodiments may be referred
to. It meets what is required as long as a cross section
area of the groove in the peripheral region is larger than
a cross section area of the groove in the central region
in a cross section direction perpendicular to the connect-
ing line.
[0123] In other embodiments, the adhesive film has
grooves extending from a first surface to a second sur-
face. The grooves include a plurality of grooves extend-
ing along a long side of the first surface and a plurality
of grooves extending along a short side of the first sur-
face. For the plurality of grooves extending in one ex-
tending direction, the groove facing to each overlapped
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region located in the peripheral region II has a first ca-
pacity, the groove facing to each overlapped region lo-
cated in the central region I has a second capacity, and
the first capacity is larger than the second capacity. For
the plurality of grooves extending in one direction, there
is a connecting line in an overlapped region of a cell string.
In a cross section direction perpendicular to the connect-
ing line, a cross section area of the groove in the periph-
eral region II is larger than a cross section area of the
groove in the central region.
[0124] Embodiments of the present disclosure further
provide a photovoltaic module, including the functional
part mentioned in any of the above embodiments, where
the functional part is an adhesive film.
[0125] FIG.16 is a schematic diagram showing a cross-
sectional-view structure of a photovoltaic module in a
tenth embodiment.
[0126] Referring to FIG.16, the photovoltaic module in-
cludes: a first cover plate 13, a first adhesive film 15, a
cell string, a second adhesive film 14 and a second cover
plate 11, all of which are stacked in sequence, and either
or both of the first adhesive film 15 and the second ad-
hesive film 14 is the functional part mentioned in any of
the above embodiments and the functional part is an ad-
hesive film. The cell string includes a plurality of cells 18,
adjacent cells 18 share an overlapped region 17, and
each groove 12 faces to at least one overlapped region
17.
[0127] The photovoltaic module may be a single-glass
photovoltaic module or a double-glass photovoltaic mod-
ule. The cell string further includes a welding ribbon lo-
cated in the overlapped region 17 and the adjacent cells
18 are connected through the welding ribbon.
[0128] One of the first cover plate 13 and the second
cover plate 11 is a front plate and the other is a back
plate. In this embodiment, the second cover plate 11 is
a back plate and the first cover plate 13 is a front plate.
The first cover plate 13 is a glass cover plate and the
second cover plate 11 is a glass cover plate, a polymer
cover plate or a stainless-steel cover plate.
[0129] In this embodiment, the first adhesive film 15 is
the adhesive film mentioned in the above embodiments,
that is, the first adhesive film 15 has a groove 12. The
second adhesive film 14 is the adhesive film mentioned
in the above embodiments, the second adhesive film 14
has a groove 12, and the groove 12 arranged in the first
adhesive film 14 faces to the groove 12 arranged in the
second adhesive film 15. That is, the same overlapped
region 17 faces to two grooves 12 respectively arranged
in the first adhesive film 15 and the second adhesive film
14.
[0130] The big arrows in FIG.16 show a laminating
pressure on the photovoltaic module in the laminating
stage. In the laminating stage, the groove 12 may buffer
the pressure on the overlapped region 17, reduce the
pressure on the overlapped region 17, so as to prevent
a risk of cracking and fragmenting of the overlapped re-
gion.

[0131] In addition, in this embodiment, both the first
adhesive film 15 and the second adhesive film 14 include
a central region I and peripheral regions II, and the
grooves 12 are located both in the central region I and
peripheral regions II. The details about the central region
I and the peripheral regions II may refer to the above
embodiments and are not repeated here.
[0132] In other embodiments, the groove may only be
located in the peripheral regions and the central region
is not arranged with the grooves.
[0133] An eleventh embodiment of the present disclo-
sure further provides a photovoltaic module, and com-
pared with the tenth embodiment, the second adhesive
film is the above functional part and the second adhesive
film has a groove in this embodiment. FIG.18 a schematic
diagram showing a cross-sectional-view structure of a
photovoltaic module in the eleventh embodiment.
[0134] Referring to Fig .18, the photovoltaic module in-
cludes a first cover plate 23, a first adhesive film 25, a
cell string, a second adhesive film 24 and a second cover
plate 21. At least one of the first adhesive film 25 and the
second adhesive film 24 is the functional part mentioned
in any of the above embodiments and the functional part
is an adhesive film. The cell string includes a plurality of
cells 28, adjacent cells 28 share an overlapped region
27, and each groove 22 faces to at least one overlapped
region 27.
[0135] The second adhesive film 24 is the above ad-
hesive film and the second adhesive film 24 has a groove
22. In the process of laminating the photovoltaic module,
the pressure is applied to a surface of the second cover
plate 21 where the surface of the second cover plate 21
is away from the second adhesive film 24. The groove
22 may buffer the pressure applied to the overlapped
region 27, thereby improving the yield of the photovoltaic
module.
[0136] The big arrows in FIG.18 show a laminating
pressure on the photovoltaic module in the laminating
stage. In this embodiment, the second adhesive film 24
includes a central region I and peripheral regions II, and
the grooves 22 are located both in the central region I
and peripheral regions II.
[0137] In other embodiments, the first adhesive film
has grooves and the second adhesive film isn’t arranged
with grooves. In the laminating stage, the grooves located
below the overlapped regions provide space to release
the pressure and buffer the pressure on the overlapped
regions 27 to some extent, so as to improve the yield of
the photovoltaic module.
[0138] A twelfth embodiment of the present disclosure
further provides a photovoltaic module, and compared
with the above embodiments, both the first adhesive film
and the second adhesive film is the adhesive film men-
tioned in the above embodiments, and the grooves ar-
ranged in the second adhesive film and the grooves ar-
ranged in the first adhesive film are staggered. FIG.19 is
a schematic diagram showing a cross-sectional-view
structure of a photovoltaic module in the twelfth embod-
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iment.
[0139] Referring to FIG.19, the photovoltaic module in-
cludes a first cover plate 33, a first adhesive film 35, a
cell string, a second adhesive film 34 and a second cover
plate 31. Both the first adhesive film 35 and the second
adhesive film 34 is the adhesive film mentioned in any
of the above embodiments, and the first adhesive film 35
and the second adhesive film 34 has grooves 32. The
cell string includes a plurality of cells 38, adjacent cells
38 share an overlapped region 37, and each groove 32
faces to at least one overlapped region 27.
[0140] In this embodiment, the grooves 32 arranged in
the second adhesive film 34 and the grooves 32 arranged
in the first adhesive film 35 are staggered. In addition,
the first adhesive film 35 and the second adhesive film
34 include a central region I and peripheral regions II,
and the grooves 32 are located both in the central region
I and peripheral regions II. The same peripheral region
II may be arranged with one groove or more than one
groove, for example, only the peripheral region II of the
first adhesive film 35 is arranged with one groove, or,
only the peripheral region II of the second adhesive film
35 is arranged with one groove.
[0141] Compared with the previous embodiment, the
quantity of materials in the first adhesive film and the
second adhesive film in this embodiment is larger than
that in the eleventh embodiment when the thickness of
the first adhesive film and the second adhesive film in
this embodiment is the same with that in the eleventh
embodiment. Therefore, in this embodiment, the encap-
sulating effect of the first adhesive film and the second
adhesive film can be improved while reducing the risk of
the cracking of the overlapped regions in the central re-
gion I and peripheral regions II.
[0142] Embodiments of the present disclosure further
provide a method for manufacturing a photovoltaic mod-
ule. The method includes the following steps.
[0143] Referring to FIG.16, a first cover plate 13, a first
adhesive film 15, a cell string, a second adhesive film 14
and a second cover plate 11 are stacked in sequence to
form a stacked structure, and at least one of the first
adhesive film 15 and the second adhesive film 14 is the
adhesive film mentioned in any of the above embodi-
ments. The cell string includes a plurality of cells 18, ad-
jacent cells 18 share an overlapped region 17, and each
groove 12 faces to at least one overlapped region 17.
[0144] In this embodiment, the first adhesive film 15
and the second adhesive film 14 is the adhesive film men-
tioned in the above embodiments, and the groove 12
arranged in the first adhesive film 15 faces to the groove
12 arranged in the second adhesive film 14. Both the first
adhesive film 15 and the second adhesive film 14 include
a central region I and peripheral regions II, and the
grooves 12 are located both in the central region I and
peripheral regions II.
[0145] In the stacking-up stage, the position of the
groove 12 corresponds to the overlapped region 17 of
the cell 18, so as to position the cell string.

[0146] In other embodiments, as shown in FIG.18, ei-
ther one of the first adhesive film and the second adhe-
sive film is the adhesive film mentioned in the above em-
bodiments. Or, as shown in FIG.19, both the_first adhe-
sive film and the second adhesive film are the adhesive
film, and the grooves arranged in the first adhesive film
and the grooves arranged in the second adhesive film
are staggered.
[0147] In other embodiments, the overlapped region
shared by adjacent cells 28 includes connecting lines,
and in the direction perpendicular to the connecting lines,
the shape and size of the groove in the central region
may be the same with that in the peripheral regions.
[0148] Referring to FIG.16 to FIG.17, FIG.17 is a sche-
matic diagram showing a cross-sectional-view structure
of a photovoltaic module which has been laminated. The
photovoltaic module is laminated to form the laminated
photovoltaic module.
[0149] An air extraction process is performed to re-
move air in the overlapped structure. Before a laminating
stage, the overlapped structure in the peripheral region
II warps upwards relative to the central region I, and in
the laminating stage, a pressure is applied to the second
cover plate 11 and the stacked structure is heated to melt
and mix the first adhesive film 15 and the second adhe-
sive film 14 to fill the grooves 12 to form the adhesive
film layer 10. The grooves 12 in the peripheral region II
may buffer a pressure on the overlapped region by the
second cover plate 11 to reduce a pressure on the over-
lapped region, thereby reducing a risk of cracking of the
overlapped region 17. Similarly, a pressure on the over-
lapped region in the central region I is also reduced.
[0150] The method for manufacturing a photovoltaic
module can improve the yield of the photovoltaic module
and the reliability of the photovoltaic module.
[0151] Inventors of the present disclosure found that a
photovoltaic module includes a central region and a pe-
ripheral region located at an outer side of the central re-
gion, and the risk of cracking and fragmenting in the over-
lapped region of the peripheral region is higher than that
in the central region. A further analysis shows that rea-
sons for this problem include: the method for manufac-
turing a photovoltaic module includes a stacking-up stage
and a laminating stage. In the stacking-up stage, a back
plate, a lower adhesive film, a cell string, an upper ad-
hesive film and a front plate are stacked in sequence to
form a stacked structure, and in the stacking-up process,
an air extraction process is performed first to remove air
between layers of the overlapped structure, and a pres-
sure treatment is performed after the air extraction proc-
ess. During or after the air extraction process, the pe-
ripheral region warps upwards, and the warping of the
peripheral region is increased by a heating process to
some extent when the heating process is performed dur-
ing or after the air extraction process. In order to remove
upward warping of the peripheral region, during the lam-
inating stage, a pressure applied to the peripheral region
may be higher than a pressure applied to the central re-
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gion, which, however, may cause a higher risk of cracking
and fragmenting to the overlapped region in the periph-
eral region. Alternatively, in order to remove the upward
warping of the peripheral region, even if the pressure
applied to the peripheral region during the laminating
stage is the same with the pressure applied to the central
region, there is a higher risk of cracking or fragmenting
of the overlapped region in the peripheral region than in
the central region, due to a deformation of the front plate
and back plate in the peripheral region being greater than
a deformation of the front plate and back plate in the
central region in the laminating stage.
[0152] In order to address the above issue, some em-
bodiments of the present disclosure further provide a
functional part, where the functional part is a cover plate,
which is used to form a photovoltaic module together with
a cell string. A peripheral region of the cover plate is ar-
ranged with a groove to buffer a pressure on the over-
lapped region in the peripheral region, so as to prevent
the risk of cracking and fragmenting of the overlapped
region during manufacturing of the photovoltaic module,
thereby improving yield of photovoltaic modules made
by using the cover plate.
[0153] FIG. 20 is a schematic diagram showing a struc-
ture of the cover plate in a thirteenth embodiment of the
present disclosure, including a top-view structure dia-
gram and a cross-sectional-view structure diagram along
an aa1 cutting line.
[0154] Referring to FIG.20, in this embodiment, the
cover plate is used to form a photovoltaic module together
with a cell string. The cell string cell includes a plurality
of cells, and adjacent cells share an overlapped region.
The cover plate has a first surface Front which faces to
the cell string and a second surface Back which is oppo-
site to the front surface. The first surface includes a cen-
tral region I and a peripheral region II located at an outer
side of the central region. The cover plate includes at
least one groove 1302 which extends from the Front to
the Back, the grooves 1302 are located in the peripheral
region II, and each groove faces to at least one over-
lapped region.
[0155] The cover plate in this embodiment is described
in detail in the following with reference to the drawings.
[0156] In one example, the cover plate 1301 is config-
ured as a front plate of the photovoltaic module, and the
cover plate 1301 may be a glass cover plate. In another
example, the cover plate 1301 is configured as a back
plate of the photovoltaic module, and the cover plate 1301
may be a glass cover plate, a polymer cover plate or a
stainless-steel cover plate. In further another example,
the cover plate 1301 may be configured as both a front
plate and a back plate of the photovoltaic module.
[0157] The peripheral regions II may be located at two
opposite sides of the central region I. Alternatively, the
peripheral region II may surround the central region I.
[0158] A width of the peripheral region II may be a width
across at least one cell string. In this way, when the pho-
tovoltaic module is formed, the peripheral region II faces

to at least one cell string. Alternatively, the width of the
peripheral region II may be 1/N a width of a single cell
string, N being larger than 1. In this way, when the pho-
tovoltaic module is formed, the peripheral region II faces
to 1/N the cell string. Alternatively, the width of the pe-
ripheral region II may be a sum of a width of n cell strings
and 1/N the width of the single cell string, n being a natural
number larger than or equal to 1. In this way, when the
photovoltaic module is formed, the peripheral region II
faces to (n+1/N) the cell string. Herein, the width de-
scribed above refers to a width in a direction perpendic-
ular to an arrangement direction of a plurality of cells in
one cell string.
[0159] The width of the peripheral region II is related
to a size of the Front, and the width of the peripheral
region II may be reasonably set in accordance with the
size of the Front. Specifically, the larger the size of the
Front, the larger area of the peripheral region II having
the problem of upward warping, and correspondingly, the
larger width the peripheral region II. The smaller the size
of the Front, the smaller area having the problem of up-
ward warping, and correspondingly, the smaller width the
peripheral region II.
[0160] It shall be noted that a location relationship be-
tween the peripheral region II and the central region I is
related to a shape of the first surface Front. For example,
in this embodiment, the shape of the Front is a rectangle,
both the central region I and the peripheral regions II are
arranged across a short side of the Front and along a
long side of the Front, and the peripheral regions II is
separately located at the two opposite sides of the central
region I. In other embodiments, the shape of the first sur-
face is a rectangle or a circle, and the peripheral region
surrounds the central region.
[0161] In this embodiment, in the direction of the long
side of the first surface Front, the width of the peripheral
region II is 10 mm to 20 mm, for example, 12 mm, 15 mm
or 17 mm.
[0162] It may be appreciated that in other embodi-
ments, the shape of the first surface may further be a
triangle, a trapezoid, a regular polygon or an irregular
shape. A region where upward warping easily occurs
may be reasonably predicted in accordance with the
shape of the first surface, and correspondingly, the region
where upward warping easily occurs is the peripheral
region. For example, if the shape of the first surface is a
triangle, the peripheral region is located in a region where
three angles of the first surface are located, and the first
surface has one central region and three peripheral re-
gions.
[0163] Since the peripheral region II has at least one
groove 1302, during a laminating process of using the
cover plate 1301 to produce the photovoltaic module, a
laminating pressure on a region of the cover plate 1301
corresponding to the groove 1302 is transmitted to the
overlapped region after passing through the groove
1302, so that a pressure on the overlapped region facing
to the groove 1302 is reduced or removed, thereby great-
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ly reducing a risk of cracking or fragmenting of the over-
lapped region in the peripheral region II, and improving
yield of the photovoltaic module. In addition, in the lam-
inating stage, an adhesive film at the groove 1302 is melt
under heat and fills the groove 1302, so a flow region of
the adhesive film is increased, thereby reducing pressure
applied to the overlapped region by the adhesive film,
which may further promote yield of the photovoltaic mod-
ule to some extent.
[0164] An extending direction of one groove 1302 is
the same as an extending direction of a connecting line
of the adjacent cells in one cell string in the overlapped
region. In other words, the extending direction of one
groove 1302 is perpendicular to the arrangement direc-
tion of the plurality of cells in one cell string. That is to
say, an arrangement direction of the grooves is related
to an arrangement location of the cell string. In this em-
bodiment, one groove 1302 extends in a horizontal di-
rection, different grooves 1302 are arranged separately
in a vertical direction. "The horizontal direction" refers to
a direction of the long side of the first surface, while "the
vertical direction" refers to a direction of the short side of
the first surface. Correspondingly, when the photovoltaic
module is formed, the arrangement of cells in the periph-
eral region II are as follows: cells in one cell string are
arranged in the vertical direction, and the connecting line
of overlapped regions in one cell string extends in a hor-
izontal direction. In other embodiments, one groove may
further extend in the vertical direction, and different
grooves are separately arranged in a horizontal direction.
Correspondingly, when the photovoltaic module is
formed, an arrangement of cells in the peripheral region
is: cells in one cell string are arranged in the horizontal
direction and the connecting line of the overlapped region
in one cell string extends in the vertical direction. In yet
another example, the grooves includes a first groove ex-
tending in the horizontal direction and a second groove
extending in the vertical direction, and a cell string in-
cludes a first cell string where cells are arranged in the
vertical direction and a second cell string where cells are
arranged in the horizontal direction.
[0165] Further, in this embodiment, in the extending
direction of the connecting line which is of the adjacent
cells in one cell string and which is in the overlapped
region, i.e., in a direction perpendicular to the arrange-
ment direction of the plurality of cells in one cell string,
one peripheral region II has one groove 1302, and the
groove 1302 may either face to one overlapped region
of one cell string or face to an overlapped region of at
least two cell strings. That is, the cover plate 1301 may
be applicable to cell strings without gaps or cell strings
with gaps. In other embodiments, in the extending direc-
tion of the connecting line, which is in the overlapped
region of the adjacent cells in one cell string, one periph-
eral region may alternatively have at least two grooves,
and a distance between adjacent grooves is the same
as a distance between cell strings, that is, the cover plate
may be applicable to the cell strings with gaps.

[0166] The groove 1302 faces to the overlapped re-
gion, and a distance between adjacent grooves 1302
matches the size of cells. Specifically, the larger the size
of the cells, the larger the distance between the adjacent
grooves 1302, and the smaller the size of the cells, the
smaller the distance between the adjacent grooves 1302.
In this embodiment, the adjacent grooves 1302 are ar-
ranged with an equal distance. In other embodiments,
distances between adjacent grooves may vary. Herein,
the size of the cells may be 150 mm to 250 mm.
[0167] In this embodiment, in a direction parallel to the
arrangement direction of the plurality of cells in one cell
string, i.e., in a cross section direction perpendicular to
the connecting line, a cross section width of the groove
1302 is 5 mm to 20 mm, for example, 6 mm, 10 mm, 12
mm, 15 mm and 18 mm.
[0168] In this embodiment, in the direction parallel to
the arrangement direction of the plurality of cells in one
cell string, i.e., in the cross section direction perpendic-
ular to the connecting line, a cross section shape of the
groove 1302 is an arc. In other embodiments, in the di-
rection parallel to the arrangement direction of the plu-
rality of cells in one cell string, the cross section shape
of the groove may be an inverted trapezoid, a square or
an inverted triangle.
[0169] In the direction parallel to the arrangement di-
rection of the adjacent cells in one cell string, a width of
the groove 1302 is larger than or equal to a width of the
overlapped region, which is advantageous for ensuring
that pressures on regions of the overlapped region are
comparatively small, thereby further reducing the risk of
cracking and fragmenting of the overlapped region. Spe-
cifically, an orthographic projection of the overlapped re-
gion on the first surface is a first projection, an ortho-
graphic projection of the groove 1302 on the first surface
is a second projection, and in the direction parallel to the
arrangement direction of the plurality of cells in one cell
string, a boundary of the first projection and a boundary
of the second projection are overlapped, or the boundary
of the first projection is located within the boundary of the
second projection.
[0170] A depth of the groove 1302 is smaller than or
equal to half a thickness of the cover plate 1301. In this
way, the depth of the groove 1302 takes an appropriate
rate of a thickness of the cover plate 01, so that the cover
plate 1301 of the region where the groove 1302 is located
still has good strength, thereby preventing the cover plate
01 from cracking. The depth of the groove 1302 may
further be larger than 1/6 the thickness of the cover plate
1301. For example, the depth of the groove 1302 is 1/3,
1/4 or 1/5 the thickness of the cover plate 1301. In this
way, the groove 1302 has sufficient capacity while en-
suring strength of the cover plate 1301, which is advan-
tageous for improving an ability of the groove 1302 to
buffer or remove pressure.
[0171] In this embodiment, the cover plate 1301 may
further include a plurality of protruding structures (not
shown in the drawings) on a surface of the groove 1302.
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A shape of the protruding structures may be triangular
prisms or hemispheres. The protruding structures is ad-
vantageous for further buffering a pressure on the over-
lapped region in the laminating stage, and is advanta-
geous for increasing a contact area between the cover
plate 1301 and the adhesive film, thereby strengthening
sealing strength between the cover plate 1301 and the
adhesive film.
[0172] In addition, the cover plate 1301 may further
include: a burring structure located on the first surface.
A shape of the burring structure may be a triangular prism
or a hemisphere. A size of the burring structure is smaller
than a size of a protruding structure, which is advanta-
geous not only for increasing friction between the cover
plate 1301 and the adhesive film during the overlapping
stage, but also for buffering pressure on a non-over-
lapped region during lamination, thereby reducing the
risk of cracking in the non-overlapped region.
[0173] In this embodiment, the peripheral region II of
the cover plate 1301 is arranged with the grooves 1302,
and a size and a number of the grooves 1302 are related
to a type of the cell string arranged in the peripheral region
II, the size of the cells and a size of the overlapped region.
By adjusting the size and the location of the grooves
1302, the peripheral region II may accommodate a cell
string of a whole-piece type or a cell string of a half-piece
type.
[0174] In a producing stage, the cover plate 1301 hav-
ing the grooves 1302 may be manufactured through a
calender roll having a protruding structure.
[0175] During production of the photovoltaic module,
the groove 1302 corresponds to the overlapped region
of the cell string, and there is the adhesive film between
the cover plate 1301 and the cell string. During the lam-
inating stage, the adhesive film corresponding to the
groove 1302 is melt under heat and fills the groove 1302.
In the laminating stage, the pressure on the region cor-
responding to the groove 1302 of the cover plate 1301
is removed after passing the groove 1302, thus the pres-
sure on the overlapped region corresponding to the
groove 1302 is reduced, thereby greatly reducing the risk
of cracking and fragmenting of the overlapped region.
That is to say, in the laminating stage, even if the periph-
eral region II of the cover plate 1301 has a larger pressure
compared with the central region I of the cover plate 1301,
or a deformation of the peripheral region II of the cover
plate 1301 is greater as compared with that of the central
region of the cover plate 1301, the possibility that crack-
ing or fragmenting of the overlapped region occurs in the
peripheral region II is greatly reduced due to the pressure
on the overlapped region in the peripheral region II being
small.
[0176] Therefore, using the cover plate in this embod-
iment to produce the photovoltaic module is advanta-
geous for improving yield of the photovoltaic module
while improving module efficiency of the photovoltaic
module.
[0177] A fourteen embodiment of the present disclo-

sure further provides a cover plate that is largely identical
with the first embodiment. Main differences includes that
the groove in the fourteen embodiment is further located
in the central region. The cover plate in the fourteen em-
bodiment of the present disclosure is described in detail
in the following with reference to the drawings. Contents
identical with the first embodiment may be seen in the
above and is not repeated in the following. FIGs. 21 to
27 are schematic diagrams showing a structure of the
cover plate in the fourteen embodiment of the present
disclosure.
[0178] With reference to FIG. 21 which is a schematic
diagram showing a top-view structure of the cover plate,
in this embodiment, a cover plate 1401 is configured to
form a photovoltaic module with a cell string that includes
a plurality of cells. Adjacent cells of the cells share an
overlapped region, the cover plate 1401 has a first sur-
face (not shown) facing the cell string and a second sur-
face (not shown) opposite to the first surface, and the
first surface includes a central region I and a peripheral
region II located at an outer side of the central region I.
The cover plate 1401 includes at least one groove 1402
extending from the first surface to the second surface
The at least one groove 1402 is located in the central
region I and the peripheral region II and the groove 1402
faces to at least one overlapped region. Herein, the
groove 1402 facing to each overlapped region in the pe-
ripheral region II has a first capacity, the groove 1402
facing to each overlapped region located in the central
region I has a second capacity, and the first capacity is
larger than the second capacity.
[0179] In this embodiment, that the first surface is a
rectangle is taken as an example, and the peripheral re-
gions II are located at two opposite sides of the central
region I. In other embodiments, a shape of the first sur-
face may alternatively be a square or a circle, and the
peripheral region surrounds the central region. For a de-
tailed description about the first surface, the central re-
gion and the peripheral region, detailed description in the
previous embodiment may be referred to.
[0180] The adjacent cells have a connecting line in the
overlapped region. The capacity refers to a capacity of
the groove 1402 within a length of the connecting line.
The larger the capacity of the groove 1402, the larger
quantity of the adhesive film flowing into the groove 1402
in a laminating stage, and the higher the ability of the
groove 102 to remove pressure, and the more advanta-
geous for reducing pressure on the overlapped region
right facing to the groove 1402. In other words, that the
first capacity is larger than the second capacity practically
is that: a cross section area of the groove 1402 in the
peripheral region II is larger than a cross section area of
the groove 1402 in the central region I in a direction par-
allel to an arrangement direction of the plurality of cells
in one cell string, i.e., on a cross section perpendicular
to the connecting line.
[0181] It is known from the above that in the laminating
stage, the overlapped region in the peripheral region II
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is more prone to a risk of cracking than the overlapped
region in the peripheral region I. In this embodiment, the
grooves 1402 are both located in the peripheral region II
and the central region I, and the groove 1402 in the pe-
ripheral region II is more capable in removing pressure
than the groove 1402 in the central region I. The groove
1402 in the peripheral region II can avoid cracking of the
overlapped region in the central region I while avoiding
cracking of the overlapped region in the peripheral region
II, which is advantageous for further improving yield of
photovoltaic modules by using the cover plate 1401.
[0182] In this embodiment, a depth h of the groove
1402 in the peripheral region II is the same with a depth
h of the groove 1402 in the central region I.
[0183] FIG. 22 is a schematic diagram showing a cross
section structure along AA1 and BB1 in FIG. 21. As
shown in FIG. 22, in one example, the adjacent cells have
a connecting line in the overlapped region. In a cross
section direction perpendicular to the connecting line,
i.e., in a direction parallel to the arrangement direction of
the plurality of cells in one cell string, a cross section
shape of the groove 1402 in the peripheral region II may
be identical with a cross section shape of the groove 1402
in the central region I. In the cross section direction (AA1)
perpendicular to the connecting line, a cross section
width of the groove 1402 in the peripheral region II is
larger than a cross section width of the groove 1402 in
the central region I.
[0184] Specifically, the cross section width of the
groove 1402 in the central region I is a first width w1, the
cross section width of the groove 1402 in the peripheral
region II is a second width w2, and a difference value
between the second width w2 and the first width w1 is
larger than or equal to 2 mm and smaller than or equal
to 5 mm, for example, w2 minus w1 is equal to 2.5 mm,
3 mm, 4.5 mm or 4 mm. In this way, a difference value
between a width of the groove 1402 in the peripheral
region II and a width of the groove 1402 in the central
region I is medium, which not only enables a result of
buffering pressure by the groove 1402 in the peripheral
region II to be better than a result of buffering pressure
by the groove 1402 in the central region I, but also pre-
vents a capacity of the groove 1402 in the peripheral
region II from being too large, thereby ensuring that the
cover plate 1401 supports and protects the cells well.
[0185] Specifically, in the direction parallel to the ar-
rangement direction of the plurality of cells in one cell
string, the first width w1 is 3 mm to 15 mm, for example,
4 mm, 6 mm, 10 mm or 12 mm, and the second width
w2 is 5 mm to 20 mm, for example, 6 mm, 10 mm, 15
mm or 18 mm.
[0186] As shown in FIG. 23, in the direction parallel to
the arrangement direction of the plurality of cells in one
cell string, the cross section shape of the groove 1402 is
an arc, an inverted trapezoid, a square or an inverted
triangle.
[0187] As shown in FIG. 24, the cover plate 1401 may
further include a plurality of protruding structures 1412

located on a surface of the groove 1402 and a burring
structure 1413 on the first surface. For details of the pro-
truding structures 1412 and the burring structure 1413,
the detailed description in the previous embodiment may
be referred to and is not repeated herein.
[0188] FIG. 25 is a schematic diagram showing anoth-
er cross section structure along AA1 and BB1 in FIG. 21.
As shown in FIG. 25, in another example, in the direction
parallel to the arrangement direction of the plurality of
cells in one cell string, the cross section shape of the
groove 1402 in the peripheral region II may be different
from the cross section shape of the groove 1402 in the
central region I, and the depth h of the groove 1402 in
the peripheral region II is identical with the depth h of the
groove 1042 in the central region I. In the direction parallel
to the arrangement direction of the plurality of cells in one
cell string, the cross section width of the groove 1402 in
the peripheral region II is larger than the cross section
width of the groove 1402 in the central region I. Specifi-
cally, the cross section shape of the groove 14402 in the
central region I may be an inverted triangle, and the cross
section shape of the groove 1402 in the peripheral region
II may be an arc.
[0189] It may be appreciated that no matter what
shape, width or depth of the groove 102 in the peripheral
region II and the central region I is set, it meets what is
required as long as the capacity of the groove 1402 in
the peripheral region II is larger than the capacity of the
groove 1402 in the central region I, or as long as the
cross section area of the groove 1402 in the peripheral
region II is larger than the cross section area of the groove
1402 in the central region I. For example, in the direction
parallel to the arrangement direction of the plurality of
cells in one cell string, the cross section width of the
groove 1402 in the peripheral region II is identical with
the cross section width of the groove 1402 in the central
region I, and their depth are identical. In the direction
parallel to the arrangement direction of the plurality of
cells in one cell string, the cross section shape of the
groove 1402 in the peripheral region II is different from
the cross section shape of the groove 1402 in the central
region I. Alternatively, in the direction parallel to the ar-
rangement direction of the plurality of cells in one cell
string, the cross section width of the groove 1402 in the
peripheral region II is larger than the cross section width
of the groove 1402 in the central region I, and the depth
of the groove 1402 in the peripheral region II is larger
than the depth of the groove 1402 in the central region I.
[0190] In one example, as shown in FIG. 21, one
groove 102 crosses both the peripheral region II and the
central region I. In another example, as shown in FIG.
26, the groove 1402 in the peripheral region II is sepa-
rated from the groove 1402 in the central region I. Com-
pared with a solution that the groove in the peripheral
region and the groove in the central region are in con-
nection, that the grooves 1402 in the peripheral region II
and in the central region I are separated is advantageous
for increasing mechanical strength of the cover plate
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1401, thereby further increasing yield and reliability of
the photovoltaic module.
[0191] Besides, as shown in FIG. 21 or FIG. 26, in a
direction of a long side of the first surface, one groove
1402 in one peripheral region II may cross the peripheral
region II.
[0192] In another example, as shown in FIG. 27, in the
direction along the long side of the first surface, one pe-
ripheral region II may alternatively be arranged with at
least two mutually separated grooves 1402, and the cen-
tral region I is arranged with a plurality of mutually sep-
arated grooves 1402. In the direction along the long side
of the first surface, a distance between adjacent grooves
1402 matches a distance between cell strings forming
the photovoltaic module. Since a plurality of grooves
1402 are separated from each other, different grooves
1402 located in the peripheral region II or in the central
region I may be arranged with different sizes, which is
advantageous for matching cell strings of different sizes
and improving structural flexibility of the photovoltaic
module. In addition, compared with the solution that ad-
jacent grooves are in connection, in the extending direc-
tion of the connecting line, there is a material of the cover
plate 1401 between the adjacent grooves 1402, and the
material can improve mechanical strength of the cover
plate 1401 while thickness of the cover plate 1401 keeps
unchanged, thereby further improving the yield and reli-
ability of the photovoltaic modules.
[0193] In a producing stage, the cover plate 1401 hav-
ing the groove 1402 may be manufactured through a cal-
ender roll having protruding structures arranged in a pe-
riodical manner.
[0194] In the cover plate 1401 in this embodiment, the
groove 1402 is located not only in the peripheral region
II but also in the central region I, and the capacity of the
groove 1402 in the peripheral region II is larger than the
capacity of the groove 1402 in the central region I. In this
way, not only a pressure on the overlapped region in the
central region I and a pressure on the overlapped region
in the peripheral region II can be reduced, but it may be
ensured that the cover plate 1401 has sufficient strength
to prevent the cover plate 1401 from the risk of fragment-
ing, thereby further improving yield and service life of the
photovoltaic module.
[0195] If a size of the groove in the central region is
identical with that in the peripheral region, a total capacity
of the groove in the cover plate is large, which makes
strength of the cover plate low. In this way, when the
cover plate is used for lamination, the cover plate is prone
to crack, affecting the yield of the photovoltaic module.
Besides, during using the photovoltaic module, the cover
plate is also prone to crack, affecting the service life of
the photovoltaic modules.
[0196] A fifteen embodiment of the present disclosure
further provides a cover plate. The cover plate in this
embodiment is described in detail in the following with
reference to the drawings. Contents identical with the
previous embodiment may be seen in the above and is

not repeated in the following.
[0197] FIGs. 28 to 30 are schematic diagrams showing
a structure of the cover plate in the fifteen embodiment
of the present disclosure.
[0198] With reference to FIG. 28 to FIG. 30, FIG. 28 is
a schematic top-view structure of the cover plate. A cover
plate 1501 includes a first surface and a second surface
and includes a central region I and peripheral regions II,
a groove 1502 extending from the first surface to the sec-
ond surface. Each groove 1502 is located in the central
region I and the peripheral region II, and the groove 1502
faces to at least one overlapped region. Herein, the
groove 1502 facing to each overlapped region located in
the peripheral region II has a first capacity, the groove
1502 facing to each overlapped region located in the cen-
tral region I has a second capacity, and the first capacity
is larger than the second capacity.
[0199] Specifically, the cover plate 1501 is used to form
a photovoltaic module with the cell string, the adjacent
cells in the cell string have a connecting line in the over-
lapped region, and an extending direction of the connect-
ing line is perpendicular to a direction of AA1. In a direc-
tion perpendicular to the connecting line, that is, in a di-
rection parallel to the arrangement direction of the mul-
tiple cells in one battery string, a cross section area of
the groove 1502 in the peripheral region II is larger than
the cross section area of the groove 1502 in the central
region I.
[0200] In this embodiment, in the direction parallel to
the arrangement direction of the plurality of cells in one
cell string, a cross section width w of the groove 1502 in
the peripheral region II is identical with a cross section
width w of the groove 1502 in the central region I.
[0201] In one example, as shown in FIG. 29, FIG. 29
is a schematic diagram showing a cross section structure
along AA1 and BB1 in FIG. 28, a depth of the groove
1502 in the peripheral region II being larger than a depth
of the groove 1502 in the central region I. Specifically,
the depth of the groove 1502 in the central region I is a
first depth h1, the depth of the groove 1502 in the periph-
eral region II is a second depth h2, and the second depth
h2 is larger than the first depth h1. Herein, in the direction
parallel to the arrangement direction of the plurality of
cells in one cell string, a cross section shape of the groove
1502 in the central region I is identical with a cross section
shape of the groove 1502 in the peripheral region II.
[0202] In other embodiments, in a direction parallel to
an arrangement direction of a plurality of cells in one cell
string, a cross section shape of a groove in a central
region may further be different from a cross section shape
of a groove in a peripheral region. In this way, even if
cross section depths and/or widths of the groove in the
central region and in the peripheral region are identical,
it may be ensured that a cross section area of the groove
in the peripheral region is larger than a cross section area
of the groove in the central region in the direction parallel
to the arrangement direction of the plurality of cells in one
cell string by setting different shapes for the groove in
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the central region and in the peripheral region.
[0203] FIG. 30 is a schematic diagram showing anoth-
er cross section structure along AA1 and BB1 in FIG. 28.
As shown in FIG. 30, in another example, a depth h of
the groove 1502 in the peripheral region II is identical
with a depth h of the groove 1502 in the central region I,
and in the direction parallel to the arrangement direction
of the plurality of cells in one cell string, the cross section
width w of the groove 1502 in the peripheral region II may
further be identical with the cross section width w of the
groove 1502 in the central region I. Herein, in the direction
parallel to the arrangement direction of the plurality of
cells in one cell string, the cross section shape of the
groove 1502 in the peripheral region II may be different
from the cross section shape of the groove 1502 in the
central region I. Specifically, the cross section shape of
the groove 1502 in the central region I may be an inverted
triangle, and the cross section shape of the groove 1502
in the peripheral region II may be an arc.
[0204] A sixteen embodiment of the present disclosure
further provides a cover plate which is generally identical
with the cover plate in the previous embodiment. The
cover plate is mainly different in that the extending direc-
tion of the groove is the extending direction of a short
side of the first surface. The cover plate in the sixteen
embodiment is described in detail in the following with
reference to the drawings. Contents identical with the
previous embodiment may be seen in the above and is
not repeated in the following.
[0205] FIGs. 31 to 33 are schematic diagrams showing
a structure of the cover plate in the fourth embodiment
of the present disclosure. FIG. 31 is a schematic top-view
structure, FIG. 32 is a schematic cross-sectional-view
structure along CC1 in FIG. 31, and FIG. 33 is another
schematic top-view structure.
[0206] With reference to FIG. 31 and FIG. 32, in this
embodiment, a cover plate 1601 includes a groove 1602
that extends from a first surface to a second surface, the
first surface includes a central region I and a peripheral
region II, and each groove 1602 is located in the central
region I and the peripheral region II. The groove facing
to each overlapped region located in the peripheral re-
gion has a first capacity, the groove facing to each over-
lapped region located in the central region has a second
capacity, and the first capacity is larger than the second
capacity.
[0207] In this embodiment, the first surface is a rectan-
gle, and the extending direction of the same groove 1602
is identical with an extending direction of the extending
direction of the short side of the first surface.
[0208] An overlapped region of adjacent cells in one
cell string has a connecting line, and an extending direc-
tion of the connecting line is perpendicular to a direction
of CC1, that is, the extending direction of the connecting
line is identical with the extending direction of the short
side of the first surface, and the adjacent cells are ar-
ranged along a long side of the first surface. The extend-
ing direction of the connecting line is perpendicular to an

arrangement direction of a plurality of cells in one cell
string.
[0209] In this embodiment, in a direction parallel to an
arrangement direction of the plurality of cells in one cell
string, a cross section area of the groove 1602 in the
peripheral region II is larger than a cross section area of
the groove 1602 in the central region I.
[0210] In one example, a depth of the groove 1602 in
the central region I is identical with a depth of the groove
1602 in the peripheral region II, and in the direction par-
allel to the arrangement direction of the plurality of cells
in one cell string, a cross section width of the groove 1602
in the peripheral region II is larger than a cross section
width of the groove 1602 in the central region I. Specifi-
cally, the groove 1602 in the central region I has a first
width W1, the groove 1602 in the peripheral region II has
a second width W2, and the second width W2 is larger
than the first width W1. Herein, a cross section shape of
the groove 1602 in the central region I may be identical
with the cross section of the groove 1602 in the peripheral
region II, for example, both are rectangles; the cross sec-
tion shape of the groove 1602 in the central region I may
alternatively be different from the cross section of the
groove 1602 in the peripheral region II.
[0211] In another example, a depth of the groove 1602
in the central region I is smaller than a depth of the groove
1602 in the peripheral region II, and in the direction par-
allel to the arrangement direction of the plurality of cells
in one cell string, a cross section width of the groove 1602
in the peripheral region II is equal to a cross section width
of the groove 1602 in the central region I. Alternatively,
the depth of the groove 1602 in the central region I is
smaller than the depth of the groove 1602 in the periph-
eral region II, and in the direction parallel to the arrange-
ment direction of the plurality of cells in one cell string, a
cross section width of the groove 1602 in the peripheral
region II is smaller than a cross section width of the
groove 1602 in the central region I.
[0212] As shown in FIG. 31, one groove 1602 in the
peripheral region II crosses the short side of the first sur-
face, and one groove 1602 in the central region I crosses
the short side of the first surface. In other embodiments,
as shown in FIG. 33, a plurality of separate grooves 1602
are arranged in an extending direction of the short side
of the first surface. The number of grooves extending in
the direction of short side of the first surface may be rea-
sonably set in accordance with a type of the cell string
of the photovoltaic module.
[0213] A seventeen embodiment of the present disclo-
sure further provides a cover plate which is generally
identical with that in the previous embodiment, and a
main difference lies in that the peripheral region sur-
rounds the central region. FIG. 34 is a schematic top-
view structure of the cover plate in the seventeen em-
bodiment.
[0214] With reference to FIG. 34, a cover plate 1701
has a first surface and a second surface, and the first
surface has a central region and a peripheral region that
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surrounds the central region. Herein, a region within dot-
ted lines a is the central region, and a region outside
dotted lines a is the peripheral region. The cover plate
1701 includes a groove 1702 extending from the first sur-
face to the second surface, and the groove 1702 is lo-
cated in the central region and the peripheral region.
Herein, the groove right facing to each overlapped region
in the peripheral region has a first capacity, the groove
right facing to each overlapped region located in the cen-
tral region has a second capacity, and the first capacity
is larger than the second capacity.
[0215] Detailed description about the first capacity and
second capacity may be seen in the previous embodi-
ments and is not repeated herein.
[0216] In this embodiment, there is a connecting line
in an overlapped region of the cell string, and in a cross-
section direction perpendicular to the connecting line,
i.e., in a direction parallel to an arrangement direction of
a plurality of cells in one cell string, a cross section width
of the groove 1702 in the peripheral region is larger than
a cross section width of the groove 1702 in the central
region. In other embodiments, a cross section width of
the groove in the peripheral region may alternatively be
equal to a cross section width of the groove in the central
region.
[0217] For a size relationship between the grooves in
the peripheral region and in the central region, the de-
scription in the previous embodiments may be referred
to. It meets what is required as long as a cross section
area of the groove in the peripheral region is larger than
a cross section area of the groove in the central region
in a cross section direction perpendicular to the connect-
ing line.
[0218] An eighteen embodiment of the present disclo-
sure provides a cover plate, which is generally the same
with the previous embodiment, and a main difference lies
in including that a groove in the cover plate includes both
a groove extending horizontally and a groove extending
vertically. FIG. 35 is a schematic top-view structure of
the cover plate in the eighteenth embodiment. The cover
plate in this embodiment is described with reference to
the drawings. Contents identical with the previous em-
bodiment may be seen in the above.
[0219] With reference to FIG. 35, a cover plate 1801
includes a central region I and a peripheral region II, and
the cover plate 1801 has grooves 1802 extending from
a first surface to a second surface. The grooves 1802
includes a plurality of grooves 1802 extending along a
long side of the first surface and a plurality of grooves
1802 extending along a short side of the first surface.
[0220] For the plurality of grooves 1802 extending in
one extending direction, the groove 1802 facing to each
overlapped region located in the peripheral region II has
a first capacity, the groove 1802 facing to each over-
lapped region located in the central region I has a second
capacity, and the first capacity is larger than the second
capacity. Specifically, for the plurality of grooves 1802
extending in one direction, there is a connecting line in

an overlapped region of the cell string. In a cross section
direction perpendicular to the connecting line, a cross
section area of the groove 1802 in the peripheral region
II is larger than a cross section area of the groove 1802
in the central region.
[0221] The cover plate 1801 in this embodiment may
form a photovoltaic module with both a cell string where
cells are arranged horizontally and a cell string where
cells are arranged vertically, and at the same time, may
prevent cracking or fragmenting of the overlapped region
in the central region I and the peripheral region II.
[0222] An embodiment of the present disclosure fur-
ther provides a photovoltaic module, including: a func-
tional part, in any one of the above embodiments, where
the functional part is a cover plate; a cell string, including
a plurality of cells, where adjacent cells of the cells share
an overlapped region and the groove faces to at least
one overlapped region; and an adhesive film, located be-
tween the cover plate and the cell string, and in the
groove. The photovoltaic module may be a single-glass
module or a double-glass module.
[0223] FIG. 36 is a schematic diagram showing a
cross-sectional-view structure of a photovoltaic module
in a nineteen embodiment of the present disclosure.
Herein, in FIG. 36, the upper figure is a schematic dia-
gram showing a cross-sectional-view structure of the
photovoltaic module after a stacking-up stage, and the
lower figure is a schematic diagram showing a cross-
sectional-view structure of the photovoltaic module after
a laminating stage. The big arrows show a direction of
pressure in the laminating stage.
[0224] With reference to FIG. 36, the cover plate in-
cludes a back plate 1911 and a transparent front plate
1913, and includes a central region I and peripheral re-
gions II located at an outer side of the central region I.
The back plate 1911 and the transparent front plate 1913
are separately located at two opposite sides of the cell
string. The cell string includes a plurality of cells 1918.
Adjacent cells 1918 share an overlapped region 1917.
Each overlapped region 1917 in the peripheral region II
faces to the groove 1912 in the back plate 11 and the
groove 1912 in the transparent front plate 1913.
[0225] The overlapped region 1917 may be arranged
with a welding ribbon. Electrical connection between the
adjacent cells 1918 is realized through the welding rib-
bon.
[0226] In this embodiment, the central region I is also
arranged with grooves 1912. In other embodiments, the
central region is not arranged with a groove.
[0227] In this embodiment, the groove 1912 in the back
plate 1911 and the groove 1912 in the transparent front
plate 1913 face to each other in terms of location, so that
each overlapped region 1917 corresponds to two
grooves in terms of location.
[0228] The photovoltaic module may be a single-glass
module, and a transparent front plate 1913 may be a
glass cover plate. The back plate 1911 may be a polymer
cover plate or a stainless steel cover plate. The photo-
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voltaic module may further be a double-glass module,
and both the transparent front plate 1913 and the back
plate 1911 are glass cover plates.
[0229] The photovoltaic module further includes: an
adhesive film 1910 located among the back plate 1911,
the cell string and the transparent front plate 1913, and
the adhesive film also fills the groove 1912. Herein, the
adhesive film may fill the whole or part of the groove 1912.
[0230] A result of this embodiment is described with
reference to a manufacturing process of the photovoltaic
module in the following: in the stacking-up stage, a trans-
parent front plate 1913, a first adhesive film 1915, a cell
string, a second adhesive film 1914 and a back plate
1911 are stacked in sequence to form a stacked struc-
ture. An air extracting process is performed to remove
air in the overlapped structure. Before a laminating stage,
the overlapped structure in the peripheral region II warps
upwards relative to the central region I, and in the lami-
nating stage, a pressure is applied to the back plate 1911
and the stacked structure is heated to melt and mix the
first adhesive film 15 and the second adhesive film 1914
to fill the grooves 1912 to form the adhesive film 1910.
The grooves 1912 in the peripheral region II may buffer
a pressure from the back plate 1911 on the overlapped
region to reduce the pressure on the overlapped region,
thereby reducing a risk of cracking of the overlapped re-
gion 1917. Further, melted adhesive film fills the grooves
1912 in the transparent front plate 1913, which is advan-
tageous for further reducing the pressure on the over-
lapped region and further reducing the risk of cracking
and fragmenting of the overlapped region in the periph-
eral region II. Similarly, a pressure on the overlapped
region in the central region I is also reduced.
[0231] Compared with a solution that the grooves in
the central region and in the peripheral region have an
equal capacity, the capacity of the groove 1912 in the
central region I is smaller than the capacity of the groove
1912 in the peripheral region II, which is advantageous
for ensuring that the cover plate has high strength. In this
way, while fragmenting of the overlapped region in the
peripheral region II and in the central region I is prevent-
ed, the cover plate is prevented from being damaged.
Besides, since both the cover plate, i.e., the cover plate
1911, and the transparent front plate 1913 have a high
strength, it ensures that during using the photovoltaic
module, the cover plate has a high strength, thereby im-
proving service life of the photovoltaic module.
[0232] In addition, a contact area between the cover
plate (the back plate 1911 and the transparent front plate
1913) and the adhesive film 1910 is increased, which is
advantageous for improving adhesion between the cover
plate and the adhesive film 1910 and improving reliability
of the photovoltaic module.
[0233] Another embodiment of the present disclosure
provides a photovoltaic module which is generally iden-
tical with that in the previous embodiment, and a differ-
ence lies in that the cover plate is one of the back plate
and the transparent front plate. The photovoltaic module

in this embodiment is described in detail in the following
with reference to the drawings.
[0234] FIG. 37 is a schematic diagram showing a
cross-sectional-view structure of a photovoltaic module
in a twenty embodiment of the present disclosure. In FIG.
37, the upper figure is a schematic diagram showing a
cross-sectional-view structure of the photovoltaic module
after an overlapping stage, and the lower figure is a sche-
matic diagram showing a cross-sectional-view structure
of the photovoltaic module after a laminating stage.
[0235] With reference to FIG. 37, the photovoltaic mod-
ule includes: a cover plate, which is a back plate 2021
that includes a central region I and peripheral regions II,
where the peripheral region II of the back plate 2021 is
arranged with grooves 2022; a cell string, including a
plurality of cells 2018, where adjacent cells 28 share an
overlapped region 2027 and each overlapped region
2027 in the peripheral region II corresponds to a groove
2022 in the back plate 2021; a transparent front plate
2023 located at one side of the cell string, where the side
is away from the back plate 2021; and an adhesive film
20, located between the back plate 2021 and the trans-
parent front plate 2023, and filling the groove 2022.
[0236] The photovoltaic module may be a single-glass
module or a double-glass module.
[0237] In other embodiments, the cover plate may al-
ternatively be a transparent front plate, a groove is ar-
ranged in the transparent front plate, and the photovoltaic
module further includes a back plate located at one side
of the cell string, where the side is away from the trans-
parent front plate.
[0238] In the stacking-up stage, a transparent front
plate 2023, a first adhesive film 2025, a cell string, a sec-
ond adhesive film 2024 and a back plate 2021 are
stacked in sequence to form a stacked structure.
[0239] In this embodiment, the grooves 2022 are only
located in the transparent front plate or in the back plate,
which further improves strength of the whole photovoltaic
module while reducing a pressure on the overlapped re-
gion in the peripheral region II and central region I. There-
fore, while yield of manufacturing the photovoltaic mod-
ule is increased, it is also advantageous for improving
service life of the photovoltaic module.
[0240] A twenty-one embodiment of the present dis-
closure further provides a photovoltaic module. FIG. 38
is a schematic diagram showing a cross-sectional-view
structure of the photovoltaic module in the twenty-one
embodiment of the present disclosure. In FIG. 38, the
upper figure is a schematic diagram showing a cross-
sectional-view structure of the photovoltaic module after
a stacked stage, and the lower figure is a schematic di-
agram showing a cross-sectional-view structure of the
photovoltaic module after a laminating stage.
[0241] With reference to FIG. 38, the photovoltaic mod-
ule includes: cover plates, including a central region I and
a peripheral region II, where the cover plates includes a
back plate 2131 and a transparent front plate 2133 that
are separately located at two opposite sides of a cell
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string; the cell string, including a plurality of cells 2138,
where the adjacent cells 2138 shares an overlapped re-
gion 2137 and each overlapped region 2137 faces to a
groove 2132 in the back pate 2131 or a groove 2132 in
the transparent front plate 2133; an adhesive film 2130,
located between the back pate 2131 and the transparent
front plate 2133, and filling the groove 2132.
[0242] The photovoltaic module may be a single-glass
module or a double-glass module.
[0243] In this embodiment, the groove 2132 in the back
plate 2131 and the groove 2132 in the transparent front
plate 2133 are staggered in terms of location, so that
each overlapped region 2137 faces to only one groove
2132. In one example, both the transparent front plate
2133 and the back plate 2131 in the peripheral region II
have at least one groove 2132. In another example, one
of the transparent front plate 2133 and the back plate
2131 in the peripheral region II is arranged with a groove
2132, while the other is not arranged with a groove.
[0244] In the stacking-up stage, a transparent front
plate 2133, a first adhesive film 2135, a cell string, a sec-
ond adhesive film 2134 and a back plate 2131 are
stacked in sequence to form a stacked structure. In a
laminating stage, the grooves 2132 in the peripheral re-
gion II and the central region I may remove pressure, and
the groove 2132 in the peripheral region II has a stronger
ability in removing pressure than the groove 2132 in the
central region I, thereby preventing cracking or fragment-
ing of the overlapped region 2137 in the central region I
while avoiding cracking or fragmenting of the overlapped
region 2137 in the peripheral region II.
[0245] Besides, since each overlapped region 2137
faces to one groove 32, the number of grooves 2132 in
the back plate 2131 and in the transparent front plate
2133 are reduced, which is advantageous for improving
strength of the back plate 2131 and the transparent front
plate 2133, thereby further improving service life of the
photovoltaic module.
[0246] Those of ordinary skill in the art can understand
that the above-mentioned embodiments are specific ex-
amples for implementing the present disclosure. In prac-
tice, various changes can be made in form and details
without departing from the spirit and scope of the present
disclosure. Any person skilled in the art can make chang-
es and amendments without departing from the spirit and
scope of the present disclosure. Therefore, the protection
scope of the present disclosure should be subject to the
scope defined by the Claims.

Claims

1. A functional part, configured to form a photovoltaic
module with a cell string that comprises a plurality
of cells, adjacent cells sharing an overlapped region,
the functional part having a first surface facing the
cell string and a second surface opposite to the first
surface, wherein the functional part comprises:

at least one groove extending from the first surface
to the second surface, and a position of each groove
facing to a position of at least one overlapped region.

2. The functional part in accordance with claim 1,
wherein the functional part comprises an adhesive
film, and the adhesive film is configured to encapsu-
late the cell string in the photovoltaic module, where-
in each groove crosses a plurality of overlapped re-
gions.

3. The functional part in accordance with claim 2,
wherein the adjacent cells have a connecting line in
the overlapped region, and a length direction of the
at least one groove is identical with an extending
direction of the connecting line.

4. The functional part in accordance with claim 2,
wherein the first surface comprises a central region
and a peripheral region located at an outer side of
the central region, at least a portion of the at least
one groove is located in the peripheral region and a
position of each groove faces to a position of at least
one overlapped region.

5. The functional part in accordance with claim 1,
wherein the functional part comprises a cover plate,
the cover plate is configured to form the photovoltaic
module with the cell string, the first surface compris-
es a central region and a peripheral region located
at an outer side of the central region, at least a portion
of the at least one groove is located in the peripheral
region and a position of each groove faces to a po-
sition of at least one overlapped region.

6. The functional part in accordance with claim 4 or 5,
wherein when there is a portion of the at least one
groove located in the peripheral region, another por-
tion of the at least one groove is further located in
the central region, each groove facing to a respective
overlapped region located in the peripheral region
has a first capacity, each groove facing to a respec-
tive overlapped region located in the central region
has a second capacity, and the first capacity is larger
than the second capacity.

7. The functional part in accordance with claim 6,
wherein in a direction parallel to an arrangement di-
rection of the plurality of cells in one cell string, a
cross section area of the at least one groove in the
peripheral region is larger than a cross section area
of the at least one groove in the central region,
wherein a depth of the at least one groove in the
peripheral region is larger than a depth of the at least
one groove in the central region; or in a direction
parallel to an arrangement direction of the plurality
of cells in one cell string, a cross section width of the
at least one groove in the peripheral region is larger
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than a cross section width of the at least one groove
in the central region, wherein the at least one groove
crosses the peripheral region and the central region,
or a portion of the at least one groove located in the
peripheral region and another portion of the at least
one groove located in the central region are sepa-
rated, or
wherein in the direction parallel to the arrangement
direction of the plurality of cells in one cell string, a
cross section shape of the at least one groove in the
peripheral region is different from a cross section
shape of the at least one groove in the central region,
wherein the first surface has a rectangle shape, both
the central region and the peripheral region cross a
short side of the first surface, and the peripheral re-
gions are separately located at two opposite sides
of the central region; or the first surface has a square
shape or a circle shape, and the peripheral region
surrounds the central region.

8. A photovoltaic module, comprising: at least one cov-
er plate, a cell string, comprising a plurality of cells,
adjacent cells sharing an overlapped region, and a
position of each groove facing to a position of at least
one overlapped region; and
an adhesive film, located between the cover plate
and the cell string, and in the groove; wherein the at
least one cover plate is the functional part in accord-
ance with any one of claims 1, 5 to 7.

9. The photovoltaic module in accordance with claim
8, wherein the at least one cover plate is configured
as a back plate, and the photovoltaic module further
comprises: a transparent front plate located at one
side of the cell string, the side being away from the
back plate; or the at least one cover plate is config-
ured as a transparent front plate, and the photovolta-
ic module further comprises: a back plate located at
one side of the cell string, the side being away from
the transparent front plate.

10. The photovoltaic module in accordance with claim
8, wherein the at least one cover plate comprises: a
back plate and a transparent front plate, the back
plate and the transparent front plate being separately
located at two opposite sides of the cell string, and
each overlapped region faces to the at least one
groove in the back plate and/or the at least one
groove in the transparent front plate,
wherein the at least one groove in the back plate and
the at least one groove in the transparent front plate
face to each other in terms of position; or the at least
one groove in the back plate and the at least one
groove in the transparent front plate are staggered
in terms of position.

11. A photovoltaic module, comprising: an adhesive film,
wherein the adhesive film is the functional part in

accordance with any one of claims 1 to 4, 6 to 7.

12. A method for manufacturing a photovoltaic module,
comprising:

stacking up, a first cover plate, a first adhesive
film, a cell string, a second adhesive film and a
second cover plate in sequence, at least one of
the first adhesive film and the second adhesive
film being the functional part in accordance with
any one of claims 1 to 4, 6 to 7;
laminating, the first cover plate, the first adhe-
sive film, the cell string, the second adhesive
film and the second cover plate, to form a lam-
inated photovoltaic module.

13. The manufacturing method in accordance with claim
12, wherein the first adhesive film is the functional
part, the first adhesive film comprises at least one
groove; and the second adhesive film is the function-
al part, the second adhesive film comprises at least
one groove; and in a stacking-up process, the at least
one groove in the second adhesive film and the at
least one groove in the first adhesive film face to
each other in terms of position; or the at least one
groove in the second adhesive film and the at least
one groove in the first adhesive film are staggered
in terms of position.

14. The manufacturing method in accordance with claim
12, wherein the second adhesive film is the function-
al part, the second adhesive film comprises at least
one groove; in a laminating process, a surface of the
second cover plate is pressed, the surface being
away from the second adhesive film.

15. The manufacturing method in accordance with claim
12, wherein the first adhesive film having the at least
one groove and/or the second adhesive film having
the at least one groove is manufactured through a
calender roll having a protruding structure.

Amended claims in accordance with Rule 137(2) EPC.

1. A functional part (1), configured to encapsulate a cell
string that comprises a plurality of cells in a photo-
voltaic module, adjacent cells sharing an overlapped
region, the functional part having a first surface (2)
facing the cell string and a second surface (3) oppo-
site to the first surface (2), wherein the functional
part (1) comprises:

at least one groove (4) extending from the first
surface (2) to the second surface (3), and a po-
sition of each groove (4) facing to a position of
at least one overlapped region;
wherein the functional part (1) includes one or
both of an adhesive film (101) and a cover plate;
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wherein the first surface (2) comprises a central
region (I) and a peripheral region (II) located at
an outer side of the central region (I);
wherein a portion of the at least one groove (502,
602, 802, 12, 22, 32, 1402, 1702, 1802, 1912,
2022, 2132) is located in the peripheral region
(II), another portion of the at least one groove
(502, 602, 802, 12, 22, 32, 1402, 1702, 1802,
1912, 2022, 2132) is located in the central region
(I), each groove (502, 602, 802, 12, 22, 32, 1402,
1702, 1802, 1912, 2022, 2132) facing to a re-
spective overlapped region located in the pe-
ripheral region (II) has a first capacity, each
groove (502, 602, 802, 12, 22, 32, 1402, 1702,
1802, 1912, 2022, 2132) facing to a respective
overlapped region located in the central region
(I) has a second capacity, and the first capacity
is larger than the second capacity.

2. The functional part (1) in accordance with claim 1,
wherein the functional part (1) comprises an adhe-
sive film (101, 201, 301, 501, 601, 701, 801), and
the adhesive film (101, 201, 301, 501, 601, 701, 801)
is configured to encapsulate the cell string in the pho-
tovoltaic module, wherein each groove (4, 102, 202,
302, 502, 602, 702, 802) crosses a plurality of over-
lapped regions.

3. The functional part (1) in accordance with claim 2,
wherein the adjacent cells have a connecting line in
the overlapped region, and a length direction of the
at least one groove (4) is identical with an extending
direction of the connecting line.

4. The functional part (1) in accordance with claim 1,
wherein the functional part (1) comprises a cover
plate (1301), the cover plate (1301) is configured to
form the photovoltaic module with the cell string, the
first surface comprises a central region (I) and a pe-
ripheral region (II) located at an outer side of the
central region (I), at least a portion of the at least one
groove (1302) is located in the peripheral region (II)
and a position of each groove (1302) faces to a po-
sition of an overlapped region in the peripheral region
(II).

5. The functional part (1) in accordance with claim 1,
wherein the first capacity is larger than the second
capacity includes:

in a direction parallel to an arrangement direc-
tion of the plurality of cells in one cell string, a
cross section area of the at least one groove
(502, 602, 702, 1402, 1502, 1602, 1702, 1802)
in the peripheral region (II) is larger than a cross
section area of the at least one groove (502,
602, 702, 1402, 1502, 1602, 1702, 1802) in the
central region (I), or

a depth of the at least one groove (602, 1502)
in the peripheral region (II) is larger than a depth
of the at least one groove (602, 1502) in the cen-
tral region (I); or
in a direction parallel to an arrangement direc-
tion of the plurality of cells in one cell string, a
cross section width of the at least one groove
(502, 702, 1402, 1602) in the peripheral region
(II) is larger than a cross section width of the at
least one groove (502, 702, 1402, 1602) in the
central region (I).

6. The functional part in accordance with claim 1,
wherein a portion of the at least one groove (102,
202, 302, 502, 602, 802, 1402, 1502, 1702, 1802)
located in the peripheral region (II)and another por-
tion of the at least one groove (102, 202, 302, 502,
602, 802, 1402, 1502, 1702, 1802) located in the
central region (I) are interconnected.

7. The functional part in accordance with claim 1,
wherein in the direction parallel to the arrangement
direction of the plurality of cells in one cell string, a
cross section shape of the at least one groove (4) in
the peripheral region is different from a cross section
shape of the at least one groove (4) in the central
region; wherein the first surface (2) has a rectangle
shape, both the central region and the peripheral re-
gion cross a short side of the first surface (2), and
the peripheral regions are separately located at two
opposite sides of the central region; or the first sur-
face (2) has a square shape or a circle shape, and
the peripheral region surrounds the central region.

8. A photovoltaic module, comprising:

at least one cover plate (1911, 1913, 2021,
2023, 2131, 2133),
a cell string, comprising a plurality of cells (1918,
2028, 2138), adjacent cells sharing an over-
lapped region (1917, 2027, 2137), and a position
of each groove (1912, 2022, 2132) facing to a
position of at least one overlapped region (1917,
2027, 2137); and
an adhesive film (1910, 2020, 2130), located be-
tween the cover plate (1911, 1913, 2021, 2023,
2131, 2133) and the cell string, and in the groove
(1912, 2022, 2132);
wherein the at least one cover plate (1911, 1913,
2021, 2023, 2131, 2133) is the functional part
(1) in accordance with any one of claims 1, and
4 to 7.

9. The photovoltaic module in accordance with claim
8, wherein the at least one cover plate (1911, 1913,
2021, 2023, 2131, 2133) is configured as a back
plate (1911, 2021, 2131), and the photovoltaic mod-
ule further comprises: a transparent front plate
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(1913, 2023, 2133) located at one side of the cell
string, the side being away from the back plate (1911,
2021, 2131); or
wherein the at least one cover plate (1911, 1913,
2021, 2023, 2131, 2133) is configured as a trans-
parent front plate (1913, 2023, 2133), and the pho-
tovoltaic module further comprises: a back plate
(1911, 2021, 2131) located at one side of the cell
string, the side being away from the transparent front
plate (1913, 2023, 2133).

10. The photovoltaic module in accordance with claim
8, wherein the at least one cover plate (1911, 1913,
2021, 2023, 2131, 2133) comprises: a back plate
(1911, 2021, 2131) and a transparent front plate
(1913, 2023, 2133), the back plate (1911, 2021,
2131) and the transparent front plate (1913, 2023,
2133) being separately located at two opposite sides
of the cell string, and each overlapped region (1917,
2027, 2137) faces to the at least one groove (1912,
2022, 2132) in the back plate (1911, 2021, 2131)
and/or the at least one groove (1912, 2132) in the
transparent front plate (1913, 2133),
wherein the at least one groove (1912) in the back
plate (1911) and the at least one groove (1912) in
the transparent front plate (1913) face to each other
in terms of position; or the at least one groove (2132)
in the back plate (2131) and the at least one groove
(2132) in the transparent front plate (2133) are stag-
gered in terms of position.

11. A photovoltaic module, comprising: an adhesive film
(14, 15, 24, 25, 34, 35), wherein the adhesive film
(14, 15, 24, 25, 34, 35) is formed by the functional
part (1) in accordance with any one of claims 1 to 3,
and 5 to 7.

12. A method for manufacturing a photovoltaic module,
comprising:

stacking up, a first cover plate (13), a first adhe-
sive film (15), a cell string, a second adhesive
film (14) and a second cover plate (11) in se-
quence, at least one of the first adhesive film
(15) and the second adhesive film (14) being the
functional part (1) in accordance with any one
of claims 1 to 3, and 5 to 7; and
laminating, the first cover plate (13), the first ad-
hesive film (15), the cell string, the second ad-
hesive film (14) and the second cover plate (11),
to form a laminated photovoltaic module.

13. The manufacturing method in accordance with claim
12, wherein the first adhesive film (15) is the func-
tional part (1), the first adhesive film (15) comprises
at least one groove (12); and the second adhesive
film (14) is the functional part (1), the second adhe-
sive film (14) comprises at least one groove (12);

and in a stacking-up process, the at least one groove
(12) in the second adhesive film (14) and the at least
one groove (12) in the first adhesive film (15) face
to each other in terms of position; or the at least one
groove (12) in the second adhesive film (14) and the
at least one groove (12) in the first adhesive film (15)
are staggered in terms of position.

14. The manufacturing method in accordance with claim
12, wherein the second adhesive film (14) is the func-
tional part (1), the second adhesive film (14) com-
prises at least one groove (12); in a laminating proc-
ess, a surface of the second cover plate (11) is
pressed, the surface being away from the second
adhesive film (14).

15. The manufacturing method in accordance with claim
12, wherein the first adhesive film (15) having the at
least one groove (12) and/or the second adhesive
film (14) having the at least one groove (12) is man-
ufactured through a calender roll having a protruding
structure.
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